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TOSHIBA TLCS-900 USER’S MANUAL PREFACE

PREFACE

Thank you very much for making use of Toshiba microcomputer LSIs and development
systems.

Toshiba has a broad range of microcomputer LSIs which are applicable to various fields
ranging from consumer to industrial. This document describes the 16-bit microcontroller
TLCS-900 series with regard to system architecture, electrical characteristics and package
dimensions.

The TL.CS-900 series is the original Toshiba microcontroller which has features in
multifunction I/Os and large-capacity program and data areas.

The current market tends to be compact, and demands the systems be simple and
reasonably priced. Additionally, one-chip I/O peripherals and high-performance
microcontrollers are demanded. The TLCS-900 series has been developed to satisfy all these
needs clearly.

Because Toshiba constantly modifies systems to meet specific requests, updated 16-bit
microcontroller families will always be available.
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TOSHIBA TLCS-900 CPU

900, 900/L CPU Core Different Points

There are 2 type CPU core : @ 900_CPU, @ 900/L._CPU in TLCS-900 series and they
are different from following points. But a data book of both CPU core is common and
they are explained in this chapter.

In this chapter, only the different points are shown by|

CPU
Different Point

® 900CPU

@ 900/L CPU

CPU Operating mode

System/Normal mode

System mode

CPU Register mode

After reset, the mode is set to
MIN (minimum) mode.

The MAX modeissetby a
'MAX’ instruction.

After reset, the mode s set to
MAX (maximum) mode.

The MIN modeissetbya
'MIN” instruction.

Interrupt vector formula

Restart formula

Vector formula

Normal Stack Pointer exist not exist
XNSP

Interrupt Nesting Counter not exist exist
INTNEST

Operating Voltage 5V+10% 2.7~5.5V

Figure 1 900, 900/L CPU Different Points
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TOSHIBA TLCS-900 CPU

1. OUTLINE

The TLCS-900 series has an original Toshiba high-performance 16-bit CPU.
Combining the CPU with various I/0O function blocks (such as timers, serial I/Os, ADs)
creates broad possibilities in application fields.

The TLCS-900 CPU, being 16-bit CPU, has a 32-bit/16-bit register bank
configuration, therefore it is suitable as an embedded controller.

The TLCS-900 CPU features are as follows :

(1)TLCS-90 extended architecture
® Upward compatibility on mnemonic and register set levels

(2)General-purpose registers
o All 8 registers usable as accumulator

(3)Register bank system
® Minimum mode : eight 16-bit register banks
® Maximum mode: four 32-bitregister banks

(4)16M-byte linear address space ; 9 types addressing modes

(5)Dynamic bus sizing system
o Can consist 8-/16-bit external data bus together

(7)Orthogonal instruction sets

® 38-/16-/32-bit data transfer/arithmetic instructions

¢ 16-bit multiplication/division
16 X 16 to 32-bits (signed/unsigned =3.25,s @16MHz)
32-+16 to 16 bits (unsigned =3.754s, signed =4.0 @16MHz)

® Bit processing including bit arithmetic

® Supporting instruction for C compiler ‘

e Filter calculations : multiplication-addition arithmetic, modulo increment
instruction

(8)High-speed processing
® Minimum instruction execution time: 200ns @20MHz
® Pipeline system with 4-byte instruction queue buffer
® 16-bit ALU

CPU900-2



TOSHIBA TLCS-900 CPU

(M

The case of 900_CPU

The 900_CPU has two types of operating modes : system and normal. These modes
are switched by instructions or interrupts. In system mode, there are no restrictions on
using instructions or registers.

The CPU resources effective in system mode are as follows :

1) General-purpose registers
® Four 16-bit general-purpose registers X 8 banks (minimum mode)
or
Four 32-bit general-purpose registers X 4 banks (maximum mode)
® Four 32-bit general-purpose registers (including system stack pointer : XSP)

2) Status register (SR) : including system mode flag

3) Program counter (PC): 32 bits for maximum mode, 16 bits for minimum mode
4) Control register: parameter register for high-speed micro DMA, etc.

5) Normal stack pointer: accessible as control register (XNSP)

6) All CPU instructions

7) All built-in I/0 registers

8) All built-in memories

.In normal mode, the ineffective CPU resources are as follows :
1) Privileged instructions (PUSH SR, POP SR, EI, DI, RETI, HALT, LDC, etc.)

2) Controlling status register (SR) flags
® <SYSM>, <IFF0~2>, <MAX>

3) Control register (CR) : parameter registers for high-speed micro DMA, etc.

4) Built-in I/O registers (depending on products)

Built-in I/O registers which cannot be

Product name accessed in normal mode

96C141,96C141A

96C041A Chip select/wait controller

96CM40, 96PM40 (BnCS registers)
*96C031 n: channel number
*96C081

Note : * Under development

CPU900-3




TOSHIBA TLCS-900 CPU

5) Built-in memories (depending on products)

Product name Memories which cannot be accessed in normal mode
96C141,96C141A
96C041A Memory blocks whose built-in chip select/wait controller's BnSYS
96CM40, 96PM40 | bits are set to 1 (memory space set to system mode)
*96C031 n: channel number
*96C081

Note: * Underdevelopment

The stack pointers (SP) are provided in both system mode and normal mode, named
SYSTEM STACK POINTER and NORMAL STACK POINTER. These pointers are
automatically switched when the CPU mode is changed by the NORMAL instruction or
an interrupt. In system mode, the normal stack pointer (XNSP) is handled as a control
register, and can be accessed by the LDC instruction.

The CPU enters system mode by system reset, as well as by interrupt. The CPU
changes from system to normal mode by the NORMAL instruction. The NORMAL
instruction resets the <SYSM > bit of the status register (SR) to “0”, and sets the CPU
to normal mode. Figure (1)-1 shows the mode transition figure.

This makes it possible for an OS-less system to configure software by using system
mode only.

resetting

instruction ("NORMAL")

NORMAL
mode

interrupt or
instruction (“SWI1")

instruction (“RETI")

_Figure (1)-1 The Mode Transition Figure
(2) The case of 900/L_CPU

The 900/L CPU has only system mode.
Therefore, it does not have the restriction like the 900_CPU.

CPU900-4



TOSHIBA : TLCS-900 CPU

3. REGISTERS

3.1 Register Structure

Figure 3.1 (1) and (2) illustrate the format of registers. The TLCS-900 series has two
register modes.

@  Minimum mode:----- 64K-byte program area/16M-byte data area

Four 16-bit general-purpose registers X 8 banks
_l_

Four 32-bit general-purpose registers
+
16-bit program counter

@ Maximum mode- - "16M-byte program area/16M-byte data area

Four 32-bit general-purpose registers X 4 banks
+

Four 32-bit general-purpose registers
+

32-bit program counter

(1) The case of 900_CPU

The <MAX > bit in status register (SR) is initialized to “0” and set to Minimum mode
by resetting.

The “MAX” instruction changes to Maximum mode. The 900_CPU does not have a
“MIN” instruction.

(2) The case of 900/L_CPU

The <MAX> bit in status register (SR) is initialized to “1” and set to Maximum
mode by resetting. The “MIN” instruction changes to Minimum mode. The 900/L_CPU
does not have a “MAX” instruction.

(1) The case of 900_CPU

The stack pointer (SP) is provided for each operating mode (System and Normal
mode). The system stack pointer (XSP) is set to 100H by resetting.
But the Normal stack pointer (XNSP) is not changed by resetting.

CPU900-5



TOSHIBA TLCS-900 CPU

(2) The case of 900/L_CPU

The stack p'ointer (SP) is provided for only System mode (XSP). The System stack
pointer (XSP) is set to 100H by resetting.

r WA w A
BC B C
DE D E
HL H L
General-
purpose
registers XIX I X
XY | Y
Xz | z
XSP S P <— (For system mode)
| T T
_ F
SR| | F ﬂ
Dedicated
registers l INTNEST
[ » < |
% 16bits
i 32bits

Figure 3.1 (1) Register Format (minimum mode: 64K-byte program area)

Note : Thedata memory area is 16M-byte.
The whole 16M-byte area can be accessed by using the registers (XIX, XIY, XIZ, XSP) or

absolute addressing mode.
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TOSHIBA TLCS-900 CPU

4ban%' . -
. I T

XWA w A
XBC B C
XDE D E
General- | XHL H L
purpose
registers XIX | X
XY | Y
XiZ | zZ
XSP S P <—(Forsystem mode)
N T 1
sR|
Dedicated
registers | INTNEST
l P |
} 32bits {

Figure 3.1 (2) Register Format (maximum mode: 16M-byte program area)

To change from maximum to minimum mode or from minimum to maximum mode or
from minimum to maximum mode, there is no dedicated instruction; instead, the RETI
or POP SR instruction changes the <MAX > bit of the status register.

When the mode changes from minimum to maximum, the 16-bit general-purpose
registers (WA, BC, DE, and HL) are extended to 32-bit general-purpose registers (XWA,
XBC, XDE, and XHL). The value of the upper 16 bits (that is, bit 16 to bit 31) are
undefined. Those registers need to be initialized before use. Changing the mode from
minimum to maximum also extends the program counter to 32 bits which automatically
writes “0” to the upper 16 bits.

So doing ensures program continuity.

CPU900-7




TOSHIBA TLCS-900 CPU

3.2
3.21

(1)

)

Register Details
General-purpose bank registers

As explained in the previous section, the TLCS-900 series has two register formats.
Which of the register formats is used depends on whether the mode is minimum or
maximum. In either way, the register sets and registers in each bank are used exactly
the same.

General-purpose Bank Registers in Minimum Mode

In minimum mode, the following four 16-bit general-purpose registers consisting of 8
banks can be used. The register format in a bank is shown below.

Four 16-bit registers (WA, BC, DE, and
HL) are general-purpose registers and can

15 (16bits) 0
7 <— (8bits) — 0 7 <—(8bits) —0

be used as accumulators, index registers, A W A
and displacement registers. They can also BC B c
be used as 8-bit registers (W, A, B, C, D, E, DE D E
H, and L) to function for example as H L

accumulators.
General-purpose Bank Registers in Maximum Mode

In maximum mode, the following four 32-bit general-purpose registers consisting of 4
banks can be used. The register format in a bank is shown below.

Four 32-bit registers 31— (32bits) — 0
(XWA, XBC, XDE, and XHL) S o) b 3 Bbits) 20
are general-purpose registers WA T om :
and can be used as an t
accumulators and index XBC 8 '(B.c) ¢
registers. They can also be XDE b (DE) E
used as 16-bit registers (WA, XxHL H (H:L) L
BC, DE, and HL), in which Note: Round brackets () signify 16-bit registers.

case, the lower 16 bits of the
32-bit registers are assigned.

16-bit registers can be used as accumulators, index registers in index addressing
mode, and displacement registers. They can also be used as two 8-bit general-purpose
registers (W, A, B, C, D, E, H, and L) to function for example as accumulators.

CPU900-8



TOSHIBA TLCS-900 CPU

3.2.2  32-bit General-purpose Registers

The TLCS-900 series has four 32-bit general-purpose registers (XIX, XIY, XIZ, and
XSP). They are fixed, independent of maximum or minimum mode. The register format
is shown below.

These registers can also be 31 <—— (32 bitregister) ———————>0
used as accumulators, index 15=——(16bitRegister) —>0
registers, and displacement XIX X
registers. They can be used XIY Iy
either as 16-bit, or 8-bit Xxiz 1z
registers. Names when o, sp
registers are used as 8-bit I I E

registers are listed later.

(1) The case of 900_CPU

The XSP register is utilized for stack pointers. This register is provided for both
SYSTEM and NORMAL mode. Stack pointer for SYSTEM mode is called SYSTEM
STACK POINTER, and for NORMAL mode is called NORMAL STACK POINTER.
NORMAL and SYSTEM stack pointer are independent and switched automatically by
change of the CPU operating mode. In both modes, they are referred to as XSP. The
system stack pointer (XSP) is not able to be accessed from normal mode. The normal
stack pointer (XSP) is able to be accessed from system mode as one of control registers
(CR). In this case, it is referred to as XNSP. The XNSP can be accessed using the
(privileged) LDC instruction. )

When an interrupt occurs in the normal mode, the CPU enters system mode. At the
same time, the normal stack pointer changes automatically to the system stack pointer
(XSP). Then the previous normal stack pointer can be changed as a control register.
After return using the RETI instruction, the mode and the stack pointers become
normal.

After reset, the system stack pointer is initialized to 100H; the normal stack pointer
remains undefined. Thus, when changing to normal mode it is necessary to initialize
XSP.

(2) The case of 900/L_CPU

The XSP register is utilized for stack pointer. It is used when the interrupt is occured
or “CALL”, “RET” instruction are executed.

CPU900-9



TOSHIBA TLCS-900 CPU

323

(1

Status Register (SR)

The status register contains flags indicating the status (operating mode, register
format, etc.) of the CPU and operation results. This register consists of two parts. The
upper byte of the status register (bits 8 to 15) indicates the CPU status. The lower byte
(bits 0 to 7) are referred to as the flag register (F). This indicates the status of the
operation result. The TLCS-900 series has two flag registers (F and F'). They can be
switched using the EX instruction.

Upper Byte of Status Register

15 14 13 12
FF2 | IFF1 | IFFO

10 9
RFP2 | RFP1 | RFPO |

@D  SYSM (SYStem Mode)
® The case of 900_CPU

Indicates the CPU operating mode, system or normal. In system mode, all
instructions can be executed. In normal mode, privileged instructions cannot be
executed. (If forced, a privilege violation interrupt will occur.)

Initialized to 1 (system mode) by reset. To change to normal mode, use the
“NORMAL” instruction. An interrupt automatically causes the mode to change
from normal to system.

0 Normal mode

System mode

® The case of 900/L._CPU

“1” is always set, because 900/L,_CPU has only system mode.

CPU900-10



TOSHIBA TLCS-900 CPU

@  IFF2 ~ IFFO (Interrupt mask Flip-Flop2 ~ 0)
Mask registers with interrupt levels from 1 to 7. Level 7 has the highest

priority.
Initialized to 111 by reset.

000 |Enablesinterrupts with level 1 or higher.
- - - Same
001 |Enablesinterrupts with level 1 or higher.

010 |Enablesinterrupts with level 2 or higher.

011 |Enablesinterrupts with level 3 or higher.

100 |Enablesinterrupts with level 4 or higher.

101 |Enablesinterrupts with level 5 or higher.

110 |Enablesinterrupts with level 6 or higher.

111 |Enablesinterrupts with level 7 only (non-maskable interrupt).

Any value can be set using the EI instruction.
When an interrupt is received, the mask register sets a value higher by 1 than

the interrupt level received. When an interrupt with level 7 is received, 111 is set.
Unlike with the TLCS-90 series, the EI instruction becomes effective immediately
after execution.

Bit used to specify the register mode which determines the sizes of the register
banks and the program counter.

0 Minimum mode

Maximum mode

If the program size exceeds 64K bytes, use the “MAX” instruction to set this
register to “1” so that register mode becomes maximum mode.

Initialized to “0” (minimum mode) for 900_CPU by reset.

Initialized to “1” (maximum mode) for 900/L_CPU by reset.

CPU900-11




TOSHIBA TLCS-900 CPU

@

RFP2~RFPQ (Register File Pointer2~0)

Indicates the number of register file (register bank) currently being used.
Initialized to 000 by reset.

The values in these registers can be operated on using the following three
instructions. RFP2 is fixed to 0 in maximum mode. It remains 0 even if an
attempt to change it to 1 using following instructions.

e LDF imm ; RFP<—imm (0~7) (200ns @20MHz)
e INCF ;RFP<RFP+1 (200ns @20MHz)
¢ DECF ; RFP<RFP—-1 (200ns @20MHz)

(2) Flag Register, F

7 6 5 4 3 2 1 0
[ T oo o [ [ v [ w [ c Jem
S (Sign flag)

“1” is set when the operation result is negative, “0” when positive.
(The value of the most significant bit of the operation result is copied.)

Z(Zero flag)
“1” is set when the operation result is zero, otherwise “0”.
H (Half carry flag)

“1” is set when a carry or borrow from bit 3 to bit 4 occurs as a result of the
operation, otherwise “0”. With a 32-bit operation instruction, an undefined value
is set.

V (Parity/over-flow flag)

Indicates either parity or overflow, depending on the operation type.
Parity (P): “0” is set when the number of bits set to 1 is odd, “1” when even.
An undefined value is set with a 32-bit operation instruction.
Overflow (V): “0” is set if no overflow, if overflow “1”.

N (Negative)
ADD/SUB flag
“0” is set after an addition instruction such as ADD is executed, “1” after a

subtraction instruction such as SUB.
Used when executing the DAA (decimal addition adjust accumulator) instruction.

C (Carry flag)

“1” is set when a carry or borrow occurs, otherwise “0”.
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900_CPU 900/L_CPU
Read from bits0 ~ 15 (D[PUSH SR (Privileged instruction) @[PUSH SR
POP src POP src
Write to bits 0 ~ 15 @® POP SR (Privileged instruction) {|@® POP SR
Only bit 15 @ NORMAL (Privileged instruction) | “1”is always set, because
<SYSM > “0" iswritten. 900/L_CPU has only system
@ Interrupt mode.
“1" is written.
Only bits 14 ~ 12 ® El num (Privileged instruction) |® El num
<IFF2:0> Avalue of “num” is written. Avalue of “num” is written.
Only bit 11 ® MAX (Privileged instruction) [ MIN
<MAX> 1" is written. “Q" is written.
Only bits 10 ~ 8 ® LDF imm
<RFP2:0> @ INCF
@ DECF
Only bits7 ~0 @ PUSH F/POPF
@ EX FF
@ Aflagissetindirectly by executing arithmeticinstructions
etc.
3.2.4  Program Counter (PC)

The program counter is a pointer indicating the memory address to be executed next.
The program counter bit length depends on whether the register format is in minimum
or maximum mode.

In minimum mode, the program counter consists of 16 bits, and a maximum program
area of 64K bytes (from addresses 000000H to 00FFFFH) can be accessed.

In maximum mode, the program counter consists of 32 bits. The size of the program
area depends on the number of the address pins that the product has. With 24 address
pins (A0 to A23), a maximum program area of 16M bytes can be accessed as a linear
address space. In this case, the upper 8 bits of the program counter (bits 24 to 31) are
ignored.

When the register format changes from minimum to maximum mode, the upper word
of the program counter (bits 16 to 31) is extended so that the program counter becomes
32 bits long. This automaticaly writes “0” to the upper word of the program counter.. So
doing ensures program continuity.
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® The case of 900_CPU
The program counter is initialized to 8000H by reset. Then, the 900 CPU reads
program after 8000H and executed.
® The case of 900/L._CPU
The 900/L_CPU reads a value of a reset vector from a vector base address by
reset and sets the value into a program counter. Then, program after the vector
specified by the program counter are executed.
The vector base address is depending on products. They are given below.

Product Vector Base Address PC setting after reset

93CM40, 93CM41 8000H PC(7:0) < value of 8000H address

PC(15:8) <« value of 8001H address

PC (23 : 16) «value of 8002H address

¥ With the TMP93CM40 and TMP93CM41, set PC (23:16) to "00H"” and locate a reset vector
into 64KB area.

3.2.5 Control registers (CR)

i <DMA 150> ! -
! <DMA | S1> : 502%?
! <DMA {S52> ! register
: <DMA 1S3> : -
! <DMA ! D0> ! -
: <DMA iD1> : geDs"(\iAnA;tion
! <DMA ;D2> : register
! <DMA 1 D3> i -
' DMAMO ] (DMA 1 CO) -
: ' : DMA
| DMAM1 ] (DMA 1 C1) /r;ode/counter
i\ DMAM2 : (DMA 1 C2) register
i DMAM3 i (DMA1C3) ~
[ ! <XN_1SP> (N :SP)
[ (INTN 'EST)

() : Word register name (16 bits)
< > : Long word register name (32 bits)

For high-speed x DMA, refer to “Part 2 TLCS-900 LSI Devices”.
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3.3 Register Bank Switching

Register banks are classified into the following three types.
Current bank registers
Previous bank registers
Absolute bank registers

The current bank is indicated by the register file pointer, <RFP >, (status register
bits 8 to 10). The registers in the current bank are used as general-purpose registers, as
described in the previous section. By changing the contents of the <RFP>, another
register bank becomes the current register bank.

The previous bank is indicated by the value obtained by subtracting 1 from the
<RFP>. For example, if the current bank is bank 3, bank 2 is the previous bank. The
names of registers in the previous bank are indicated with a dash (WA', BC', DE', HL").
The EX instruction (EX A,A") is used to switch between current and previous banks.

All bank registers, including the current and previous ones, have a numerical value
(absolute bank number) to indicate the bank. With a register name which includes a
numerical value such as RW0, RAO, etc., all bank registers can be used. These registers
(that is, all registers) are called absolute bank registers.

The TLCS-900 series CPU is designed to perform optimally when the current bank
registers are operated as the working registers. In other words, if the CPU uses other
bank registers, its performance degrades somewhat. In order to obtain maximum CPU
efficiency, the TLCS-900 series has a function which easily switches register banks.

The bank switching function provides the following advantages:
o Optimum CPU operating efficiency
o Reduced programming size (Object codes)
o Higher response speed and reduced programming size when used as a context
switch for an interrupt service routine.

Bank switching is performed by the instructions listed below.
LDF imm : Setsthe contents of the immediate value in <RFP>. imm: 0to7
INCF : Increments <RFP> by 1.
DECF : Decrements <RFP> by 1.

In minimum mode, the immediate values used by the LDF instruction are from 0 to 7,
in maximum mode 0 to 3. If a carry or borrow occurs when the INCF or DECF
instruction is executed, it is ignored. The value of the <RFP> rotates. For example, if
the INCF instruction is executed with bank 7, the result is bank 0. If the DECF
instruction is executed with bank 0, the result is bank 7. Note that careless execution of
the INCF or DECF instruction may destroy the contents of the register bank.
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¢ Example of Register Bank Usage

The TLCS-900 series registers are formatted in banks. Banks can be used for
processing objectives or interrupt levels. Two examples are given below.

<Example 1> When assigning register banks to interrupt processing routines.

Register bank 0 = Used for the main program and interrupt processing other than
that shown below.

Register bank 1 = Used for processing INTO .

Register bank 2 = Used for processing timer 0.

Register bank 3 = Used for processing timer 1.

Register bank 4 = Used for processing A/D converter.

Register bank 5 = Used for processing serial I/O. (Data send)

Register bank 6 = Used for processing serial I/O. (Data receive)

Register bank 7 = Used for processing NMI.

For example, if a timer 1 interrupt occurs during main program execution, processing
jumps to a subroutine as follows. PUSH/POP processing for the register is unnecessary.

LDF 3 ;  Sets register bank to 3. 0.2 s (@20MHz)

RETI ; Returns to previous status including <RFP>.
1.2 us (@ 20MHz)

<Example 2> When assigning register banks to their appropriate interrupt level

nesting.
Main Interrupt Interrupt Interrupt Interrupt InterruptInterruptlnterrupt

/INV INV IN‘CF/ INV IN\CF/ INCF INCF
\_RJETI RETI RETI RETI RETI RETI RETI

Notel : In the above example, when interrupt nesting exceeds the number of register
banks (8), the <RFP> becomes 000 and the contents of register bank 0 are
destroyed. However, interrupt levels are usually from 1 to 7, so in most cases
nesting will not exceed 8 levels.Unless, that is, multiple NMIs occur. If there is
any chance of multiple NMIs occurring, do not use the INCF instruction in the
NMI processing routine.

Note2 : TheINCF instruction is used to execute <RFP><«<RFP> + 1.

0.2 pus (@20 MHz)
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3.4 Accessing General-purpose Registers

The register access code is formatted in a varied code length on byte basis. The
current bank registers can be accessed by the shortest code length. All general-purpose
registers can be accessed by an instruction code which is 1 byte longer. General-purpose
registers are as follows.

®  General-purpose registers in current bank

(Minimum mode)

: ; W (W 1A A
] i B (B_iC) C
1 | D (D_E) E
] | H (H L) L
(Maximum mode)
ow (QIWA) QA  <KXIWA> W (M A) A
0B (QiBC ) QC <XiBC > B (BiC) C
QD (Q !DE ) QE  <XIDE> D (D 'E) E
QH (QIHL ) QL <XIHL > H (HiL) L
() : Word register name (16 bits)
< > :longword register name (32 bits)
@  General-purpose registers in previous bank
9 p
(Minimum mode)
: | W (W A") A
i i B’ (B_ic’)y ¢’
: ; D’ (D 'E') E’
i i H’ (H L) L'
(Maximum mode)
oW’ (QIWA') QA <X WA'> W’ (WIA") A
QB’ (QiBC’) QC’ <X iBC’> B’ (B iC’) ¢’
QD'  (QIDE’) QE’ <X IDE’> D’ (0 'E') FE
QH’ (QIHL’) QL' <X iHL'> H’ (HiLy L’

@  32-bit general-purpose registers

(Both minimum and maximum modes)
QIXH (QIIX) QIXL <X !IX> IXH (I 1X) IXL
QIYH (QiIY) QIYL <X iIY> IYH (I 1Y) IYL
QIZH (Q!1Z) QIZL <X 'IZ> 1IZH (I '7) 1ZL
QSPH (QISP) QSPL <X iSP> SPH (S iP) SPL
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@  Absolute bank registers

(Minimum mode)

' ] RWO  (RWA 10) RAD -
' ] RBO  (RBC 10) RCO B
1 ] RDO  (RDE 10) REO ankd
! ! RHO _ (RHL 10) _RLO -
' ] RW1 (RWA 1) RAL -
| ] RB1 _(RBC i1) RC1 Bank1
: ] RD1 _ (RDE '1) RE1
i | RHL  (RHL i1) RL1 -
! ! RW2  (RWA '2) RAZ -
: : RB2 _(RBC i2) RC2 Bank2
! ! RD2 (RDE !2) RE2
; | RH2  (RHL 12) RL2 ~
' ! RW3  (RWA '3) RA3 -
' : RB3 (RBC 13) RC3 Bank3
! ! RD3  (RDE '3) RE3
\ ] RH3  (RHL 13) RL3 -
! ] RW4  (RWA !4) RA4 -
] : RB4__ (RBC i4) RC4 Bank4
' ' RD4 (RDE '4) RE4
l ! RH4 _ (RHL i4) RL4 =
' ! RW6  (RWA 15) RAb -
o ' RB5 (RBC 15) RC5 Bank5
' ! RD5  (RDE !5) RE5
' | RH5 _ (RHL 15) RL5 -
' ' RW6  (RWA 16) RAG -
i i RB6 (RBC 16) RC6 Bank6
' ' RD6  (RDE i6) REG
i o~ RH6  (RHL i6) RL6 -
; ' RW7  (RWA 17) RA7 -
i i RB7 _ (RBC 17) RC7 Bank?
' ! RD7  (RDE }7) RE7
i i RH7 _(RHL i7) RL7 —
(Maximum mode)
QW0 (QWAi0) QA0 <XWA!0>  RWO (RWA10)  RAO -
QB0 (QBC:0) QCO__ <XBCi0> RBO (RBC10)  RCO Banko
QD0 (QDE !0) QE0  <XDE!0> RDO (RDE!0)  REG
QHO _ (QHL 10) QL0 <XHLi0> RHO (RHL10)  RLO -
QWi (QWA!1) QA1  <XWA!1> RwWi (RWAI1) RA1 -
QB1  (QBC 1) QC1  <XBCi1> RB1 (RBCi1) RC1 Bank1
QD1 (QDE!1) QE1  <XDE'1> RD1 (RDE!1) RE1
QH1L _ (QHL 1) QL1 <XHL11> RH1 (RHLi1)  RL1 -
QW2 (QWA!2) QA2  <XWA!2> RW2 (RWA!2)  RAZ -
QB2 (QBCi2)  QC2 <XBCi2> RB2 _ (RBCi2) RC2 Bank2
QD2 (QDE'!2) QE2 <XDE'2> RD2 (RDE!2) RE2
QH2 (QHL 12) QL2 <XHLi2> RH2 (RHL12)  RL2 -
QW3 (QWA!3) QA3 <XWA!3>  RW3 (RWA13)  RA3 7
QB3 (QBC 13) QC3  <XBCi3> RB3 (RBC13) RC3 Bank3
QD3 (QDE }3) QE3  <XDE!3> RD3 (RDE!3) RE3
QH3 (QHL 13) QL3 <XHLi3> RH3 (RHLi3)  RL3 -

() : Word register name (16 bits)
< > : Long word register name (32 bits)
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4. ADDRESSING MODES

The TLCS-900 series has nine addressing modes. These are combined with most
instructions to improve CPU processing capabilities.

TLCS-900 series addressing modes are listed below. They cover the entire TLCS-90
addressing modes.

No. Addressing mode Description

1. Register reg8
reg16
reg32

2. Immediate n8
n16
n32

3. Register indirect (reg)

4, Register indirect (-reg)

pre-decrement
5. Register indirect (reg +)
post-increment

6. Index (reg +d8)
(reg +d16)

7. Register index (reg +reg8)
(reg +reg16)

8. Absolute (n8)
(n16)
(n24)

9. Relative (PC+d8)
(PC+d16)

reg 8 :All 8-bitregisterssuchas W, A, B,C,D,E, H, L, etc.
reg 16 :All 16-bit registers such as WA, BC, DE, HL, IX, 1Y, IZ, SP, etc.
reg 32 :All 32-bit registers such as XWA, WBC, XDE, XHL, XIX, XIY, XIZ, XSP, etec.
reg :All 32-bit registers such as XWA, WBC, XDE, XHL, XIX, XIY, XIZ, XSP, etc.
(Maximum mode)
All 16-bit bank registers such as WA, BC, DE, HL, etc. and XIX, XIY, XIZ, and XSP.
(Minimum mode)
d8 :8-bitdisplacement (—~80H~ +7FH)
d16 :16-bit displacement (—8000H~ + 7FFFH)
n8 :8-bit constant (0OH~FFH)
n16 :16-bit constant (0000H~FFFFH)
n32 :32-bit constant (00000000H~FFFFFFFFH)
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Note 1

Note 2

Relative addressing mode can only be used with the following instructions:
LDAR, JR, JRL, DJNZ, and CALR

In minimum mode, register bank blocks (current bank registers and previous
bank registers, and bank 0 to 7 registers) consist of 16 bits. When these 16-bit

registers are used for addressing, the CPU extends bits 16 to 31 to 0000H for
address calculations.
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(1) Register Addressing Mode

In this mode, the operand is the specified register.
Example: LD HL,IX

CPU

w234
N[ET]

The IX register contents, 1234H, are loaded to the HL register.

(2) Immediate Addressing Mode

In this mode, the operand is in the instruction code.

Example: LD HL,5678H

Program code
CPU

33 (OP code)

HLi56738 L_, 78

56
N
The immediate data, 5678H, is loaded to the HL register.
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(3) Register Indirect Addressing Mode

In this mode, the operand is the memory address specified by the contents of the
register.

Example 1: LD, HL, (XIX) ... in both minimum and maximum modes

Memory
CPU

HL{2233 I 33 Address 345678H <--

22 Address 345679H
XIX[12345678 T
H

Memory data, 2233H, at address 345678H is loaded to the HL register.
Example 2: LD, HL, (BC) ... in minimum mode

Memory
CPU
HL|4455 I 55 Address 005678H =
44 Address 005679H E
BC|5678 [ 1
g 5

In minimum mode, if a bank register (WA, BC, DE, or HL) is used for addressing,
address bits 16 to 23 are set to 00H.

Example 3: LD HL,(XBC) ... in maximum mode

Memory
CPU

HL|4 455 [ 55 Address 345678H <1
44 | Address 345679H E
XBC|{12345678 r1 |
! |
1 ]
-4

In maximum mode, if a bank register (XWA, XBC, XDE, or XHL) is used for
addressing, the values of bits 0 to 23 are output to the address bus.
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(4) Register Indirect Pre-decrement Addressing Mode

In this mode, the contents of the register is decremented by the pre-decrement values.
In this case, the operand is the memory address specified by the decremented register.

Example 1: LD HL, (= XIX) ... in both minimum and maximum modes

Memory
CPU

HL(6677 I I 77 | Address 345676H -
Previous 66 Address 345677H
IX 12345678

(

Current
XIX 12345676 [~f--m=---mmm=mm=mmmmm oo

The pre-decrement values are as follows:
When the size of the operand is one byte (8 bits): —1
When the size of the operand is one word (16 bits) : —2
When the size of the operand is one long word (32 bits) : —4

Example 2: LD A,(-BC) ... in minimum mode

Memory

88 Address 005677 =--

Previous BC

(

Current BC

Example 3: LD XIX,(-XBQ) ... in maximum mode

Memory
CcPU

XiX{2233 4455 ? 55 |Address 33FFFEH <--
44 |Address 33FFFFH
12340002

33 |Address 340000H

Previous

XBC 22 |Address 340001H
O~—14]
c ¢ N
UITeNt 91 2 33 FFFE frqrmmmmmmmmmmmmmmmmmo oo oo
XBC

CPU900-23



TOSHIBA TLCS-900 CPU

(5) Register Indirect Post-increment Addressing Mode

In this mode, the operand is the memory address specified by the contents of the
register. After the operation, the contents of the register are incremented by the size of
the operand.

Example 1: LD HL(XIX +) ... in both minimum and maximum modes

Memory
CPU

HL|8899 L_

Address 345678H =
Address 345679H

Previous XIX

1234567A

Example 2: LD XIZ,(BC +) ... in minimum mode

Current XiX

Memory
CPU

XiX{44332211 ' 11 |Address 005000H <--

22 |Address 005001H

Previous BC -5 000 [-f-- 33 |Address 005002H
44 |Address 005003H

1
:
el WJ J
Current BC

Example 3: LD A,(XBC +) ... in maximum mode

Memory

55 |Address 345678H <--

Previous XBC

CurrentXBC (12345679
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(6) Index Addressing Mode

In this mode, the operand is the memory address obtained by adding the contents of
the specified register to the 8- or 16-bit displacement value in the instruction code.

Example 1: LD HL(XIX + 13H) ... in both minimum and maximum modes

Memory
CPU

HL[5 566 [ 66 Address 345683H <«-1
55 Address 345684H
XIX[12345670

Example 2: LD HL,(BC + 1234H) ... in minimum mode

Memory
CPU

HL 7788 L, 38 Address 005234H <«--
77 | Address 005235H
sc

4

|
|
|
|
]
]
|
|
]
]
1
1
1

Example 3: LD HL,(XBC-1000H) ... in maximum mode

Memory
CPU

HL{5566 L 66 | Address 33F000H <-—
55 Address 33F001H
12340000

XBC

1
]
1
1]
]
1
N !
1
1
1
1]
t
]
1]

The displacement values range from —8000H to +7FFFH.
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(7) Register Index Addressing Mode
In this mode, the operand is the memory address obtained by adding the contents of
the register specified as the base to the register specified as the 8- or 16-bit
displacement.

Example 1: LD HL,(XIX + A) ... in both minimum and maximum modes

Memory
CPY

HL|2233 e Address 345683H <--
22 Address 345684H 1
XiX|12345670 i
i
1
J

Example 2: LD HL,(BC + DE) ... in minimum mode

Memory
CPU
HL IZ 233 ]_‘ 33 | Address 005234H <---
22 | Address 005235H
BC|4000

(

b-fizaalor

! a

_______________________________________________________

Example 3: LD HL,(XBC + DE) ... in maximum mode

Memory
CPU
HL[2233 L 33 |[Address 347678H <
22 |Address 347679H
XBC|12345678 V\/

{zooolor
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(8) Absolute Addressing Mode

In this mode, the operand is the memory address specified by 1 to 3 bytes in the
instruction code. Addresses 000000H to 0000FFH can be specified by 1 byte. Addresses
000000H to 00FFFFH can be specified by 2 bytes. Addresses 000000H to FFFFFFH can
be specified by 3 bytes.

Example 1: LD HL,(80H)

Memory
cPU
HLIZ 233 I I_ 33 Address 000080H
22 Address 000081H
/\/
Example 2: LD HL,(1234H)
Memory
CPU
HL|4 455 L 55 Address 001234H
44 Address 001235H
N
Example 3: LD HL,(56789AH)
Memory
CPU
HL|6 677 i L 77 Address 56789AH
66 Address 56789BH
N
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(9) Relative Addressing Mode

In this mode, the operand is the memory address obtained by adding the 8- or 16-bit
displacement value to the address where the instruction code being executed is located.

In this mode, only the following five instructions can be used.

LDAR R, $+4+d16

JR cc,$+2+d8

JRL cc,$+3+d16

CALR $+3+d16

DJNZ r,$+3+d8 ($ : start address of instruction code)

In calculating the displacement object code value, the adjustment value (42 to +4)
depends on the instruction type.

Example 1: JR 2034H

Memory

"N\

JR instruction code —>| 68 Address 2000H
Displacement —| 32 Address 2001H

N

In the above example, the displacement object code value is:
2034H — (2000H + 2) = 32H.
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5. INSTRUCTIONS

In addition to its various addressing modes, the TLCS-900 series also has a powerful

instruction set. The basic instructions are classified into the following nine groups:

Load instructions (8/16/32 bits)

Exchange instructions (8/16 bits)

Block transfer & Block search instructions (8/16 bits)
Arithmetic operation instructions (8/16/32 bits)
Logical operation instructions (8/16/32 bits)

Bit operation instructions (1 bit)

Special operations, CPU control instructions

Rotate and Shift instructions (8/16/32 bits)

Jump, Call, and Return instructions

Table 5 lists the basic instructions of the TLCS-900 series. For details of instructions,

see Appendix A; for the instruction list, Appendix B; for the instruction code map,
Appendix C; and for the differences between the TLCS-90 and TLCS-900 series,
Appendix D.
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LD
PUSH

POP

LDA
LDAR

EX
MIRR

LDI
LDIR
LDD
LDDR
CPI
CPIR
CPD
CPDR

ADD
ADC
SUB
SBC
CcpP
AND
OR
XOR
INC
DEC
MUL
MULS
DIV

Divs

dst, src
src

dst

dst, src
dst, PC +dd

dst1, dst2
dst

dst, src
dst, src
dst, src
dst, src
dst, src
dst, src
dst, src
dst, src
imm, dst
imm, dst
dst, src
dst, src
dst, src

dst, src

Table 5 (1) TLCS-900 Series Basic Instructions
Load dstesrc

Push src data to stack.

SP&SP —size: (SP) «src

Pop data from stack to dst.
dste—(SP) : SP«<SP +size

Load address: set src effective address in dst.

Load address relative:
set program counter relative address value in dst. dste-PC +dd

Exchange dst1 and dst2 data.
Mirror-invert dst bit pattern.

Load increment

Load increment repeat
Load decrement

Load decrement repeat
Compare increment
Compare increment repeat
Compare decrement
Compare decrement repeat

Add dste—dst + src

Add with carry dste—dst +src + CY
Subtract dste-dst - src
Subtract with carry  dste—dst - src~CY
Compare dst —src

And dste-dst AND src
Or dste—dst OR src
Exclusive-or dste—dst XOR src
Increment dste—dst +imm
Decrement dstedst —imm

Multiply unsigned dste—dst (low) xsrc
Multiply signed dst<dst (low) xsrc

Divide unsigned

dst (low) «-dst +src

dst (high) « remainder

V flag set due to division by 0 or overflow.

Divide signed

dst (low) «dst + src

dst (high) < remainder: sign is same as that of dividend.
V flag set due to division by 0 or overfiow.
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MULA

MINC1
MINC2
MINC4
MDEC1
MDEC2
MDEC4

NEG
CPL
EXTZ
EXTS
DAA
PAA

LDCF
STCF
ANDCF

ORCF
XORCF

RCF
SCF
CCF
ZCF

BIT
RES
SET
CHG

TSET

dst

num, dst
num, dst
num, dst
num, dst
num, dst
num, dst

dst
dst
dst
dst
dst
dst

bit, src
bit, dst
bit, src

bit, src
bit, src

bit, src
bit, dst
bit, dst
bit, dst

bit, dst

Multiply and add dst < dst + (XDE) x (XHL-)
32bit 32bit 16bit  16bit

Modulo increment 1
Modulo increment 2
Modulo increment 4
Modulo decrement 1
Modulo decrement 2
Modulo decrement 4

Negate dste0 -dst (Twos compiement)

Complement dste<-notdst (Ones complement)

Extend zero: set upper data of dst to 0.

Extend signed: copy the MSB of the lower data of dst to upper data.
Decimal adjustment accumulator

Pointer adjustment accumulator:
when dst is odd, increment dst by 1 to make it even.
if dst {0) =1then dste—dst+ 1.

Load carry flag: copy src<bit> value to C flag.
Store carry flag: copy C flag value to dst<bit>.

And carry flag:
and src<bit> value and C flag, then load the result to C flag.

Or carry flag: orsrc<bit> and C flag, then load resultto C flag.

Exclusive-or carry flag:
exclusive-or src<bit> value and C flag, then load result to C flag.

Reset carry flag: reset C flag to 0.

Set carry flag: set Cflagto 1.

Complement carry flag: invert C flag value.

Zero flag to carry flag: copy inverted value of Z flag to C flag.

Bit test: Z flag & not src<bit>

Bit reset

Bit set

Bit change dst<bit>«notdst<bit>

Bit test and set:
Z flag <~ not dst<bit>
dst<bit> «1
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BS1F A, dst Bit search 1 forward: search dst for the first bit set to 1 starting from
the LSB, then set the bit number in the A register.
BS1B A,dst Bit search 1 backward: search dst for the first bit set to 1 starting fom

the MSB, then set the bit number in the A register.

NOP No operation

imm Enable interrupt. IFFe=imm
Disable maskable interrupt. IFF&7
PUSH SR Push status registers.
POP SR Pop status registers.
Swi imm Software interrupt
PUSH PC&SR : JP 8000H + 10H ximm
HALT Halt CPU.

LDC CTRL ~ REG, reg Load control: copy the register contents to control register of CPU.

LDC reg, CTRL-REG Load control: copy the control register contents to register.
LDX dst, src Load extract.  dstesrc
LINK reg, dd Link: generate stack frame.
PUSH reg
LD reg, XSP
ADD XSP, dd
UNLK  reg Unlink: delete stack frame.
LD XSP, reg
POP reg
LDF imm Load register file pointer:
specify register bank. RFP¢—imm
INCF Increment register file pointer:
move to new register bank. RFP&«RFP + 1
DECF Decrement register file pointer:
return to previous register bank. RFP<-RFP -1
SCC cc, dst Set dst with condition codes.

ifcc thendst «1
elsedst «0.
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RLC

RRC

RL

RR

SLA

SRA

SLL

SRL

RLD

RRD

JR

JRL

CALR

CALL

DINZ

RET

RETD

RETI

num, dst
num, dst

num, dst

num, dst

num, dst

num, dst

num, dst

num, dst

dst

dst

cc, PC+d
cc, PC+dd
cc, dst

RC +dd
cc, dst

dst,PC+d

cC

dd

Rotate left without carry [cy I<—I<—I MSB <« LSB I<J
Rotate right without carry o D - >
Rotate left Ly~ wss < 138 _1<J
Rotate right ey }—[ ™8 > 358
Shift left arithmetic (Y J+— MSB < LB I=«0
Shift right arithmetic o) l—_ﬂ MSB__—> LSB 4|—>I
Shift left logical (&Y J«—o MSB < 1SB J=0
Shift right logical L»] CY | 0—»[ MSB_ — L[SB |—>|
[ ]
Rotate left digit z A:L!z [ ol I7 I ZiEl |ds’coI
[ |
Rotate right digit [z A:‘eBg I ol {7 I 4134|ds’9'

Jump relative (8-bit displacement)
if ccthen PCePC +d.
Jump relative long (16-bit displacement)
if ccthen PC«PC +dd.
Jump
if cc then PCe—dst.
Relative call (16-bit displacement)
PUSH PC: PC«PC +dd.
Call relative
if ccthen PUSH PC: PCe—dst.
Decrement and jump if non-zero
dste—dst - 1
if dst# 0 then PC<PC +d.
Return
if ccthen POP PC.
Return and deallocate
RET
XSP«XSP +dd
Return from interrupt
POP SR&PC
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Table 5 (2-1) Instruction List (The case of 900_CPU)

BWL | LD
BWL | LD
BWL | LD
BWL | LD
BW- | LD
BW- | LD
BW- | LD
BWL | PUSH
BW- | PUSH
BW- | PUSH
BWL | POP
BW- | POP
-WL | LDA
-WL | LDAR
B-- EX
BW- | EX
BW- | EX
-W- | *MIRR
BW- | LDI
BW- | LDIR
BW- | LDD
BW- | LDDR
BW- | CPI
BW- | CPIR
BW- | CPD
BW- | CPDR
BWL | ADD
ADC
SUB
SBC
CcpP
AND
OR
XOR

reg, reg
reg, imm
reg, mem
mem, reg
mem, imm
(nn), mem
mem, (nn)

reg/F
imm
mem

reg/F
mem

reg, mem
reg, PC +dd

FF
reg, reg
mem, reg

reg

reg, reg
reg, imm
reg, mem
mem, reg
mem, imm.B/W

BWL

“W-
“W-
“W-
“W-
“W-
-W-
BW-
-WL

-WL
B--

BW-

“W-

INC
DEC

MUL
*MULS

DIV

*DIVS
*MULA

*MINC1

*MINC2
*MINC4
*MDEC1

imm3, reg
imm3, mem.B/W

reg, reg
reg, imm
reg, mem

reg

imm, reg
imm, reg
imm, reg
imm, reg

*MDEC2 imm, reg
*MDEC4 imm, reg

NEG reg

CPL  reg
*EXTZ reg
*EXTS  reg

DAA  reg
*PAA reg
*IDCF  imm, reg
*STCF A, reg
*ANDCF imm, mem.B
*ORCF A, mem.B
*XORCF

RCF

SCF

CCF
*ZCF

BIT imm, reg
RES imm, mem.B
SET
*CHG

TSET
*BS1F A, reg
*BS1B

BWL
BWL

CALR
CALL

DIJNZ

RET
*RETD

reg, dd
reg
imm3

cc, reg

imm, reg

[A,] mem
[A,] mem

[ec,] PC+d
[ec,] PC+dd
[cc,] mem
PC +dd

[cc,] mem

[reg], PC+d

[ec]
dd

L“ B = Byte (8bit), W = Word (16bit), L = Long-Word (32bit).

* :Indicates instruction added to the TLCS-90 series.

: Indicates privileged instruction.
[ ]:Indicatescan be omitted.
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Table 5(2-2) Instruction List (The case of 900L_CPU)

BWL | LD
BWL | LD
BWL | LD
BWL | LD
BW- | LD
BW- | LD
BW- | LD
BWL | PUSH
BW- | PUSH
BW- | PUSH
BWL | POP
BW- | POP
-WL | LDA
-WL | LDAR
B-- EX
BW- | EX
BW- | EX
-W- | *MIRR
BW- | LDI
BW- | LDIR
BW- | LDD
BW- | LDDR
BW- | CPI
BW- | CPIR
BW- | CPD
BW- | CPDR
BWL | ADD
ADC
SUB
SBC
CcpP
AND
OR
XOR

reg, reg
reg, imm
reg, mem
mem, reg
mem, imm
(nn), mem
mem, {nn)

reg/F
imm
mem

reg/F
mem

reg, mem
reg, PC+dd

FF
reg, reg
mem, reg

reg

reg, reg

reg, imm

reg, mem
mem, reg
mem, imm.B/W

BWL

“W-
-W-
W-
“W-
“W-
“W-
BW-
BW-
-WL
-WL

-WL

BW-

“W-

INC imm3, reg
DEC imm3, mem.B/W

MUL  reg, reg
*MULS  reg, imm
DIV reg, mem
*DIVS
*MULA  reg
*MINC1 imm, reg
*MINC2 imm, reg
*MINC4 imm, reg
*MDEC1 imm, reg
*MDEC2 imm, reg
*MDEC4 imm, reg
NEG reg

CPL reg
*EXTZ reg
*EXTS  reg

DAA  reg
*PAA reg
*LDCF  imm, reg
*STCF A, reg
*ANDCF imm, mem.B
*ORCF A, mem.B
*XORCF

RCF

SCF

CCF
*ZCF

BIT imm, reg
RES imm, mem.B
SET
*CHG

TSET
*BS1F A, reg
*BS1B

BWL
BWL

NOP

CALR
CALL

DINZ
RET

*RETD
RETI

[imm3]

SR
SR
[imm3]

CTRL-R, reg
reg, CTRL-R
(n),n

reg, dd
reg
imm3

cc, reg

imm, reg

[A,] mem
[A,] mem

'

[ec,] PC+d
[cc,] PC +dd
[cc,] mem
PC+dd
[cc,] mem

[reg], PC+d

[cc]
dd

L“ B = Byte (8bit), W = Word (16bit), L = Long-Word (32bit).

* :Indicates instruction added to the TLCS-90 series.

[] :Indicates can be omitted.
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6. DATA FORMATS
The TLCS-900 series can handle 1/4/8/16/32-bit data.

(1) Register Data Format

<Dataimage>

R 5 e s A A A 3 A A A ]
b s oe shahshiz[11fio[a [8]7]6]5[4]3[2[1]0]

BCD 0805 55 o /7/o#% 7] Upper | lower | Upper | Lower |

1 bit

Byte {88777/ 555587/ AMsB LSB[MSB LsB|
Word {85875 MsB , Lsg|
Long word [MsB LsB]

Notel : To access the parts indicated by /77, the instruction code is one byte longer than when
accessing the other parts.

(2) Memory Data Format

<Dataimage>

1bit Addressn[7]6]5]4[3]2]1]0]
Byte Address n[MSB LSB |
Word Address n Lower LSB
n+ 1 MSB Upper
Long word Address n Lower LSB
n+1
n+2

n + 3|MSB  Upper

Note2 : There are no restrictions on the location of word or long word data in memory. They can be

located from even or odd numbered address.

Note3 : When the PUSH instruction is used to save data to the stack area, the stack pointer is
decremented, then the data is saved.
Example: PUSH HL; XSP«XSP-2
(XSP) «L
(XSP+1)«H

This is the same in register indirect pre-decrement mode. The order is reversed in the
TLCS-90 series: data is saved first, then the stack pointer is decremented.
Example: PUSH HL; (XSP-1)<H
(XSP-2) «L
XSP«XSP-2

CPU900-36



TOSHIBA TLCS-900 CPU

(3) Dynamic Bus Sizing

The TLCS-900 series can switch between 8- and 16-bit data buses dynamically during
each bus cycle. This is called dynamic bus sizing. The function enables external
memory extension using both 8- and 16-bit data bus memories. Products with a built-in
chip select/wait controller can control external data bus size for each address area.

Table 6 (1) Dynamic Bus Sizing

Operand  |Operand start| Datasizeat | CPU address CPU data

datassize address memory side D15-D8 D7 - DO
8 bits 2n+0 8 bits 2n+0 XXXXX b7 -b0
(even) 16 bits 2n +0 XXXXX b7 - b0

2n +1 8 bits 2n +1 XXXXX b7 -b0

(odd) 16 bits 2n+1 b7 - b0 XXXXX

16 bits 2n+0 8 bits 2n+0 XXXXX b7 -b0
(even) 2n +1 XXXXX b15-b8

16 bits 2n+0 b15-b8 b7 - b0

2n+1 8 bits 2n +1 XXXXX b7 -b0

(odd) 2n +2 XXXXX b15-b8

16 bits 2n +1 b7 - b0 XXXXX

2n+2 XXXXX b15-b8

32 bits 2n+0 8 bits 2n+0 XXXXX b7 - b0
(even) 2n+1 XXXXX b15-b8

) 2n+2 XXXXX b23-b16

2n +3 XXXXX b31-b24

2n+0 b15-b8 b7 - b0

16 bits 2n+2 b31-b24 b23-b16

2n+1 8 bits 2n+1 XXXXX b7 - b0

(odd) 2n +2 XXXXX b15-b8

2n+3 XXXXX b23-b16

2n+4 XXXXX b31-b24

16 bits 2n+1 - b7-b0 XXXXX

2n +2 b23 -b16 b15-b8

2n +4 XXXXX b31-b24
XXXXX . During read, indicates the data input to the bus are ignored. During write,

indicates the bus is at high impedance and the write strobe signalis non-
active.
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(4)

Internal Data Bus Format

With the TLCS-900 series, the CPU and the internal memory (built-in ROM or RAM)
are connected via a 16-bit internal data bus. The internal memory operates with 0 wait.
The CPU and the built-in I/Os are connected using an 8-bit internal data bus. This is
because the built-in I/O access speed has little influence on the overall system operation
speed. ' _

Overall system operation speed depends largely on the speed of program memory
access. The built-in I/O operates in sync with the signal phase of the CLK pin. It is
synchronized so that the CLK rises ( _j_) in the middle of the bus cycle. (Figure 7 (1)
shows signal phases.) If the CLK is “1” when the ALE signal rises, 1 wait is inserted
automatically for synchronization.
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7. BASICTIMINGS

The TLCS-900 series runs the following basic timings.
® Read cycle

® Write cycle

® Dummy cycle

® Interrupt receive timing

® Reset

Figures 7 (1) to (8) show the basic timings.

(@20MHz)
200ns
T T2
< 50ns —-
xt. _ Y\ \ \__/ \
(Note) : ; : :
K | i/ AN
A0~23 X :
—
C50~2 \NE
e
e :
ADO~15 )< A0~15 : X X Din : Read
L JS N N B
ADO~15 X Ao~15_ X Dout '
: : Write
AWR, WR AN ; S
WAIT : \ 5/ :
Note : CLK outputs are not always the same as the above phases.

Figure 7 (1) 0 WAIT Read/Write Cycle
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(@20MHz)
300ns
1 W T
< 50ns > )
xt _ VY
cw X x O
: : HIB H .
: : 1 | :
A0~23 X : :
] 1
— ! H I
Cs0~2 N : E /
; :
RW N : :
i ] 1
H ' 1
ae /TN ; |
- H M ) T -
: : .' :
ADO~15 X A0~15 ' ! D
: i E ’C m Read
o N\ = I
: : ! ! : : E
ADO~15 X_a0<15 i ; Dout
E E : Write
HWR, WR Fo\ : ! / J
H H | ' H
11 | i
WAIT E ! ]
| i
: :

Figure 7 (2) 1WAIT Read/Write Cycle
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(@20MHz)

300ns

.._‘
2

T2

|
9
5

N

cLk X X XTI
f s 5 ; ] ;
A0~23 X : B — :
H : 1 ] g
H H 1 i N
To~2 E E -/
: : ; ' é
w1
: : ' | R
< : ] ] M
ALE T E _
— : : : z 7
ADO~15 X_A0~15_ X 5 Din fead
1 ) ea
RD : AN ; | /
f : : ] é 3
ADO~15 X_no~15_X i 4‘ Dout
: : H | Write
' i
— :
1 1
—7
1 ]
1 ¥

Figure 7 (3) TWAIT + n Read/Write Cycle (n =0)
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Read

Write

(@20MHz)
T2

X
Dout

300n

1K3_2_E5D5RT
X a4 o - = — —
STgc 1B EE
< I© a ann

< < =

Figure 7 (4) 1WAIT + n Read/Write Cycle (n=1)
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Read
Write

(@20MHz)

400ns

= M.x ............................................................ &1
........ | IS N O RS ISR NN N N O A
R
......... * %
2
15 T I U I U S I 5 A |-
m ............................................... N
] \@ :
_IS TA s =
5 Lol e S S b
: ﬂ J UL
X

CLK

B Vs [¥o I o

T =y = B

I IO A Dm
< < E

Figure 7 (5) 2WAIT Read/Write Cycle
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X1

CLK

ADO~15

|
|

I
=
&
=
=

|

=
>
]

(@20MHz)

100ns

< 50ns >

X

>< Indetefminate

/

Figure 7 (6) 1 State Dummy Cycle
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X1
CLK
AQ~23
Cs0~2
RAW
ALE

ADO~15

Falling edge
interrupt

Rising edge
interrupt

Level
interrupt

Note :

~

Read

1§
-
PRGNS REVH Y SOV N FPe) GUGH SNPEDIVEY SUPH SNDH U GNP SUVE SPNN DI B

-

/]
: Dout

Write

/

;

T
1
|
|
'
1
'
|
i
1
1
|
1
|
1
|
1
1
|
|
t
'
1
]
1
.
)
1
]
1
1
|
L
T
]
'

/

<——Final cycle of instruction —>

<— Interrupt response sequence — ---

This timing chart is a theoretical example. In practice, due to the operation of the bus

interface unit in the CPU, external bus and internal interrupt receive timings do not
correspond one to one.

Figure 7 (7) Interrupt Receive Timing
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rOmits X1 for 10 times.

aAvAYaYaAVaVaVaVal NaVaAVaAVaVaVaVaVaVavaVaVaVaVavaVaVa
a_ [T\ [T T — O\

sampling ;—Samplmg n
RESET \f /
a16~23 X X\ _ _(P20t027ininputmode) _ _ e _
e —— - _(P40to4lininputmode) _ _. S -
s0~1 7Y X7
@2 X A_\._._. - _(pazininputmode) _ _ _. L -
ww X = - i L P -

aE _/\ /L 5/ \ /
e S ey S S s S e
{4

5 \ S 3 \ —

ADQO~15 ~-~- ( Address XData outputX Addreés )— ————

(After resetisreleased, starts at 2 WAIT read cycle.)

[{4

WR - \ / ),
AR ———\ [ —— =~ e i im S e e —
-_— _\_—/—. —e— - ‘(;3‘7_{5 |_np:tm_od_e) ________ U -
EAEH~T m—e— i — i — e e -

\ /\ 7 (P40 to 41in input mode)
a2 7 1\ _pazininputmode) U _
Note : —-—-— indicates pulled up internally.

indicates pulled down internally.
Figure 7 (8) Reset Timings (external ROM operation: TMP96C141)
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Appendix A: Details of Instructions
| Instruction List
® Load
LD PUSH POP LDA LDAR
® Exchange
EX MIRR
@ Load Increment/Decrement & Compare Increment/Decrement
LD! LDIR LDD LDDR CPI CPIR CPD CPDR
@ Arithmetic operations
ADD ADC SUB SBC CcpP INC DEC NEG
EXTZ EXTS DAA PAA MUL MULS Div DIVS
MULA MINC MDEC
® Logical operations
AND OR XOR CPL
® Bitoperations
LDCF STCF ANDCF ORCF XORCF RCF SCF CCF
ZCF BIT RES SET CHG TSET BS1

@ Special operations and CPU control

NOP § MAX El DI
SWi HALT LDC LDX LINK UNLK
DECF scC

Rotate and shift
RLC RRC RL RR SLA SRA
RLD RRD

®© Jump, call, and return
P JR JRL CALL CALR DINZ

RETI

only in 900/L_CPU.

PUSH.SR POP_SR

LDF INCF
SLL SRL
RET RETD

: 'NORMAL' and ‘'MAX' instruction exist only in 900_CPU, and ‘MIN’ instruction exists
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Explanations of symbols used in this document

dst
src
num
condition

r16
r32

cr

(mem)
mem

<W>

[1

#3
#4
d8
di16

cc
cy
z

(#8)
(#16)
(-r32)
(r32+)

$

Destination: destination of data transfer or operation result load.
Source: source of data transfer or operation data read.

Number: numerical value.

Condition: based on flag status.

Eight general-purpose registers including 8/16/32-bit current bank registers.

8-bit registers ' W,A,B,C,D,EH, L

16-bit registers : WA, BC, DE, HL, IX, 1Y, 1Z, SP

32-bit registers : XWA, XBC, XDE, XHL, XIX, XiY, XIZ, XSP
8/16/32-bit general-purpose registers
16-bit general-purpose registers
32-bit general-purpose registers

All 8/16/32-bit CPU control registers
ADO ~ 3, DMACO ~ 3, DMAMO ~ 3,

Flag registers (8 bits)

Inverse flag registers (8 bits)

Status registers (16 bits)

Program counter (in minimum mode, 16 bits; in maximum mode, 32 bits)

8/16/32-bit memory data
Effective address value

When the operand size is a word, W must be specified.
Operands enclosed in square brackets can be omitted.

8/16/32-bit immediate data.

3-bitimmediate data : 0to7 or1to8... for abbreviated codes.
4-bitimmediate data : Oto150r1to 16

8-bit displacement : =80H~ +7FH

16-bitdisplacement : -8000H~ + 7FFFH

Condition code
Carry flag
Zero flag

Direct addressing: (00H) to (OFFH) ... 256-byte area
64K-byte area addressing: (0000H) to (OFFFFH)
Pre-decrement addressing

Post-increment addressing

Start address of instruction

XNSP exists only in 900_CPU, and INTNEST exists only in 900/L_CPU.
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Explanations of symbols in object codes

zz

zZZZ

Byte Word tongword
. ] z 0 1 —
Operand size specify code
zz 00 01 10
zzz 010 011 100
s - 0 1

Register specify code Code Byte Word | tonguerd
000 W WA XWA
001 A BC XBC
010 B DE XDE
011 [« HL XHL
100 D IX XIX
101 E Iv XIY
110 H Iz XIZ
111 L SP XSP

"

Note: In addition to the above, all registers can be specified by “r” using extension
codes. (In this case, the number of execution states increases by 1.) The

format is shown below.

First op code

0111

" n

The code value in “r” must be:

l«——— Sets the lower 4 bitsto 0111.

<— Inserts the register code specified
by 8 bits between the first and
second op codes.

Second op code

Multiple of 2, if accessed as a word register.

Multiple of 4 ,if accessed as a long word.
For registers specified by 8 bits, see Register Maps.
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mem

Memory addressing mode specify code

(XWA) = |-0--0000 <7:0>= Indicates the data bit range.
(XBC) = [“o--0001 ( }'hisexgmplen_1ean58-bitdata
rom bit 0 to bit 7.

(X0E) =

(XHL) = [-0--0011

(XIX) = [-0--0100

(XIY) = [-0--0101

w2 - oo

(XSP) = |-0--0111 v

(XWA+d8) = [-0--1000 || d<7:0> | ;+2 states
(xBC+d8) = [-0--1001 |[ o<7:0> ;+2 states
(XDE+d8) = [-0--1010 || d<7:0> 1+2 states
(XHL+d8) = [-0--1011 |[ d<7:0> | +2 states
(XIX+d8) = [-0--1100 |[ a<7:0> | ;+2 states
(XIY+d8) = [-0--1101 ][ d<7:0> | ;+2 states
(X1Z+d8) = [-g--1110 |[ o7:0> | ;+2 states
(Xxsp+d8) = [-p--1111 |[ d<7:0> | ;+2 states
(#8) = [-1--0000 |[ x&7:0> | ;+2 states
(#16) = [-1--0001 ][ #7:0> |[ #15:8> | ;+2 states
(#24) = [-1--0010 [ &7:0> || #15:8> |[ #23:16> | i+3states
(r3z) = |-1--0011 |[ r32" o0 i+5 states
(r32+#d16) = [_1--p011 |[ r32’ Jo1|[ d<7:0> ][ d<15:8> | :+5states
(r32+r8 ) = [-1--go11 [[oooooo[11][ r32 ] r§ | :+8states
(r32+r16) = [-1--p011 |[ooo001]11][  r32 ][ ri6 | :+8states
(-r32) = [-1--0100 ][ r32’ [zz ;+3 states
(r32+) = [-1--0101 ][ r32’ [zz ;+3 states

T K zz= Code used to specify the value of

r32: 32-bitregister increments or decrements.
r16: Signed 16-bit register 00: +1

r8: Signed 8-bit register (1)(1) iz

11: (Notdefined)

r32’ = Upper 6 bits of register code
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cc

Condition codes
Code | Symbol Description Conditional expression
0000 F|always False -
1000 (none) |always True -
0110 Z|Zero =1
1110 NZ |Not Zero Z=0
0111 C|Carry C=1
1111 NC |Not Carry C=0
e U N
1101 | PL or P|PLus S=0
0101 | MI or M([MInus S=1
1110 NE |Not Equal Z=0
| 0110 EQ |EQual 7=1
0100 OV [OVerflow P/V=1
1100 NOV [No OVerflow P/V=0
0100 PE|Parity is Even P/vV=1
1100 PO|Parity is 0dd P/V=0
1001 GE |Greater than or Equal (signed)| (S xor P/V) =0
0001 LT [Less Than (signed) (S xor P/V) =1
1010 GT [Greater Than (signed) [Z or (S xor P/V) ]=0
0010 LE [Less than or Equal (signed) [Z or (S xor P/V) ]=1
1111 UGE |Unsigned Greater than or Equal| C=0
0111 ULT |Unsigned Less Than C=1
1011 UGT |Unsigned Greater Than (C or Z) =0
0011 ULE [Unsigned Less than or Equal (CorZ) =1

Flag changes

< U X % 1B O

Resetto “0".

Setto “1".
No change.

“0" or "1" depending on the result of the calculation.
Indeterminate value.
Parity result is set.

Overflow result is set.
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| Register map “r

00H
04H
08H
0CH
10H
14H
18H
1CH
20H
24H
28H
2CH
30H
34H
38H
3CH
40H
44H
48H
4CH
50H
54H
58H
5CH
60H
64H
68H
6CH
70H
74H
78H
7CH

DOH
D4H
D8H
DCH

EOH
E4H
E8H
ECH

FOH
F4H
F8H
FCH

"o n

+3

(minimum mode)

+2

+0

RS

RWA 1 0)

RAO

N

RCO

N

(
(RBC 10)
(

REQ

N

RLO

RA1

RC1

I~
==}
=)
o

-l

RE1

(RHL 11)

RL1

(RWA12)

RA2

(RBC,2)

RC2

(RDE i 2)

RE2

(RHL 12)

RL2

(RWA 13)

RA3

(RBC :3)

RC3

NIV

(RDE }3)

RE3

(RHL 13)

RL3

AV
/\

(RWA 1 4)

RA4

[\

(RBC 1 4)

RC4

JARIAN

(RDE 1 4)

RE4

(RHL ;4)

RL4

(RWA ;| 5)

RAS

(RBC i6)

RCH

(RDE i5)

RES

(RHL 15)

RLS

(RWA 16)

RAG

(RBC }6)

RC6

(RDE 1 6)

RE6

(RHL 16)

RL6

(RWA 1 7)

RAT

(RBC!7)

RCY

(RDE ! 7)

RE7

1
L
T
|
1
1
1
+
|
T
t
T
)
'
1
)
]
1
]
'
T
|
T
1
1
1
1
1
I

|1

(RHL ;7)

RLY

"l

(WiA’)

A’

B’

(BiC")

D’

(DIE")

E’

(HiL")

L

(WiA)

(B1C)

(DIE)

T|O|(oi=

(HiL)

MmO

QIXH

(Q 1 IX)

QIXL

IX>

IXH

(I X))

IXL

QIYH

(Q1IY)

QIYL

11Y>

IYH

(IY)

IYL

QIZH

(Q117)

QIZL

17>

1ZH

(1:7)

1ZL

QSPH

(Q1SP)

QSPL

LSP>

SPH

(S |P)

SPL

() : Word register name (16 bits)
< > :longword register name (32 bits)

Bank 0

Bank 1

Bank 2

Bank 3

Bank 4

Bank 5

Bank 6

Bank 7

Previous bank

Current bank
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Register map

00H
04H
08H
OCH
10H
14H
18H
1CH
20H
24H
28H
2CH
30H
34H
38H
3CH
40H
44H
48H
4CH
50H
54H
58H
5CH
60H
64H
68H
6CH
70H
74H
78H
7CH

DOH
D4H
D8H
DCH

EOH
E4H
E8H
ECH

FOH
F4H
F8H
FCH

"on
r

+3

(maximum mode)

+2

+1

+0

QWO

QA0

<XWA T 0>

RWO

(RWA 1 0)

RAQ

QB0

QCo

<XBC: 0>

RBO

(RBC 10)

RCO

QDO

QEOQ

<XDE ! 0>

RDO

(RDE !10)

REQ

Bank 0

QHO

QLO

<XHL | 0>

RHO

(RHL {0)

RLO

Qw1

QA1

<XWA | 1>

RW1

(RWA 11)

RA1

0B1

QC1

<XBCT 1>

RB1

(RBC 11)

RC1

Bank 1

QD1

QE1

<XDE:+ 1>

RD1

(RDE i1)

RE1

QH1

QL1

<XHL! 1>

RH1

(RHL 11)

RL1

Qw2

QA2

<XWA} 2>

RW2

(RWA 12)

RA2

QB2

QC2

<XBC;} 2>

RB2

(RBC i2)

RC2

Bank 2

QD2

QE2

<XDE ; 2>

RD2

(RDE 12)

RE2

QH2

QL2

<XHL + 2>

RH2

(RHL 12)

RL2

Qw3

(QWA | 3)

QA3

<XWA T 3>

RwW3

(RWA 13)

RA3

QB3

(0BC' 3)

QC3

<XBC! 3>

RB3

(RBC!3)

RC3

Bank 3

QD3

(QDE; 3)

QE3

<XDE ;| 3>

RD3

(RDE }3)

RE3

QH3

(QHL | 3)

QL3

<XHL; 3>

RH3

(RHL 13)

RL3

QW’

(Q1WA")

QA”

<X

QB’

(Q:BC")

QCc’

<X

QD’

(QiDE")

QE’

<X

QH”

(QiHL")

oL’

<X

:I Previous bank

Qw

(Q 1WA )

QA

<X

[0)3]

(Q1BC )

QC

<X

QD

(QiDE )

QE

<X

OH

(QIHL )

oL

<X

T |O|o|=

—|m[O >

j] Current bank

QIXH

(Q11IX)

QIXL

<Xt

IXH

(I

IXL

QIYH

(Q11Y)

QIYL

<X

IYH

(I

IYL

QIZH

(0117)

QIZL

<X !

I7H

1ZL

QSPH

(Q1SP)

OSPL

<X

SPH

(I
(S

SPL

() : Word register name (16 bits)
< > :Longword register name (32 bits)
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| Control register map “cr”

+3 ) +2 +1 +0

00H T <DMA 1 S0> i m
04H ! <DMA !S1> ! SDol\ﬁ'rAce
08H ! <DMA |S2> ! register
OCH ! <DMA}S3> : —
10H | <DMA | D0> i —

; ; T DMA
14H : <DMA 1 D1> | A
18H i <DMAiD2> ! ?eegslt;?eal:tlon
1CH ' <DMA ' D3> ' —
20H ! DMAMO ! (DMA'CO) —

L DMA

24H DMAM1 ' (DMA {C1)
28H DMAM2 o (DMATC2) ?;g?ﬁécroumer
2CH i DMAM3 i (DMA 1C3) —
3CH | ! <XN 'SP (N !SP)
3CH | (INT INEST)

() : Word register name (16 bits)
< > :long word register name (32 bits)

| Execution time

The number of states in the table of appendix B are shown in bytes, words, or long
words in order of operand size. Execution time is calculated as follows.
I At 16 MHz oscillation : number of states x 125 ns I

rAt 20 MHz oscillation : number of states x 100 ns l

| At 25 MHz oscillation : number of states x 80 ns (Note : only 900/H CPU)

The number of states is the average value when the program and data memory data
buses are 16-bit; when buses are 8-bit, the execution time is slower by between 20 to
40%.

If the operand of a read or write instruction is a word or long word, add the number of
adjustment states (the number of additional read/write cycles of the operand) below. For
the read modify write instruction, add double the number of adjustment states.

Operand size Memory size Start address adjml{mgﬁ{ggtes
Word Byte - +2
Word Word Even number 0
Word Word Odd number +2
Long word Byte —— +4
Long word Word Even number 0
Long word Word Odd number +2

The number of states of the SWI/CALL/CALR/RET/RETD/RETI instruction is the
number in minimum mode. In maximum mode, PUSH /POP for the program counter
takes 4 bytes; calculate by adding 2 states.

The TLCS-900 series CPU comes with a built-in 4-byte instruction queue buffer.
Execution time is approximately 10 to 20% faster than the time calculated according to
the above conditions.
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ADC dst,

sre
< Add with Carry >

Operation dst <~ dst+src+CY
Description Adds the contents of dst, src, and carry flag, and transfers the result to dst.
Details
State Mnemonic Code
Byte Word Long word
4 4 7 ADC R,r 1 1]zz[1] v,
‘ 1,0,0,1,0] R,
4 4 7 ADC r, # 1,1]z z]1] |r,
1,1,0,0,1,0,0,1
#<7.0>
#<15:8>
#<23:16>
#<31:24>
4 4 6 ADC R, (mem) 1|mlz,zlm m,m,m
1,0,0,1,0] R,
6 6 10 ADC (mem), R 1[mlz z[mmmm
1 | 0,0, 1 L 1 IR L
7 8 - ADC<W> (mem), # 1mfolz|mmmm

#<15:8>
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Flags: S Z H V N C
Lefel-l-Jof~]
MSB value of the result is set.
= 1issetiftheresultis 0, otherwise 0.
1 is set if a carry from bit 3 to bit 4 occurs as a result of the operation;
otherwise, 0. If the operand is 32-bit, an undefined value is set.
1 is set if an overflow occurs as a result of the operation; otherwise, 0.
Cleared to zero.
1 is setif a carry occurs from the MSB, otherwise 0.

I

Qz< mNw®
1

Execution example: ADC HL,IX
When the HL register = 2000H, the IX register = 3456H, and the
carry flag = 1, execution sets the HL register to 5457H.

2000 HL register
I 3456 IX register
1 1 Carry flag

5457 v HL register

CPUS00-56



TOSHIBA

TLCS-900

ADD dst, src

< Add >
Operation dst < dst+src
Description Adds the contents of dst to those of src and transfers the result to dst.
Details
State Mnemonic Code
Byte Word Long word
4 4 7 ADD R,r 1, 1]z 2|1 v,
1,0,0,0,0] R,
4 4 7 ADD T, # 1,1]z 2]1] |r,
1I1L0IOIIIOIOI0
#<T7:0>
#<15:8>
#<23:16>
#<31:24>
4 4 6 ADD R, (mem) 1m|z z|mmmm
1,0,0,0,0] B,
6 6 10 ADD (mem), R 1[m[z,z[mmmm
1,0,0,0,1] R,
7 8 - ADD<W> (mem), # 1mlo]z|mmmm
0|0|1|1|1|010|0
#<T7:0>
#<15:8>
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Flags : S Z H V N ¢

fe e[ To -]

= MSB value of the result is set.

1 is set if the result is 0, otherwise 0.

= 1 is set if a carry from bit 3 to bit 4 occurs as a result of the operation,
otherwise 0. If the operand is 32-bit, an undefined value is set.

1 is set if an overflow occurs as a result of the operation, otherwise 0.
Cleared to zero.

1 is set if a carry occurs from the MSB, otherwise 0.

Il

Il

QZ< mN®
!

Execution example: ADD HL,IX
When the HL register = 2000H and the IX register = 3456H,
execution sets the HL register to 5456 H.

2000 HL register
@<— 3456 IX register
L 5456 HL register
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AND dst, src

< And >
Operation : dst<-dst ANDsrc
Description : Ands the contents of dst and src, then transfers the result to dst.
(Truth table)
A B A and B
0 0 0
0 1 0
1 0 0
1 1 1
Details :
State Mnemonic Code
Byte Word Long word
4 4 7 AND R,r 1,1z z[1] |r,
1,1,0,0,0 B
4 4 7 AND r, # 1,1)z,z2]1] |r,
11110I0|111I0L0
#<T:0>
#<15:8>
#<23:16>
#<31:24>
4 4 6 AND R, (mem) llmlzlzlm m mm
1 | 1 | 0 I0 | 0 IRI
6 6 10 AND (mem), R 1|m|z|z|m m;m;m
1 | 1 | 0 '0 | 1 IRI
7 8 ‘ - AND<W> (mem), # 1|m!0|z|m‘m|m|m
0,0,1,1,1,1,0,0
#<T7:.0>
#<15:8>
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Flags : S

Z H V N C

EENENEN Y

Qz <mNw®»

= MSB value of the result is set.

1is set if the result is 0, otherwise 0.

1is set.

= 1is set if a parity of the result is even, 0 if odd. If the operand is 32 bits, an
undefined value is set.

= Cleared to zero.

= Cleared to zero.

Execution example: AND HL,IX

AND)

When the HL register = 7350H and the IX register = 3456H,
execution sets the HL register to 3050H.

0111 0011 0101 0000 <« HLregister (before execution)
0011 0100 0101 0110 < IXregister (before execution)

0011 0000 0101 0000 <« HLregister (after execution)
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ANDCF num, src

< And Carry Flag >

Operation : CY «CY and src<num>
Description : Ands the contents of the carry flag and bit num of src, and transfers the
result to the carry flag.
Details
State Mnemonic Code
Byte Word Long word
4 4 - ANDCF #4,r 111[0|z|1l LT
01011|0 OI'OIOIO
0,0,0,0] #,4,
4 4 - ANDCF  A,r 1,1,0/z]1] |r
01011I0I110I0L0
8 - - ANDCF #3, (mem) 1|m|1|11m m mm
1,010[0|0 |#3|
8 - - ANDCF A, (mem) 1[m[1 1|mmmm
0,0,1,0,1,0,0,0

Notes : When bit num is specified by the A register, the value of the lower 4 bits of the A
register is used as bit num. When the operand is a byte and the value of the lower
4 bits of bit num is from 8 to 15, the result is undefined.

Flags : S H V N C

OZ<EN03I
Il

= Nochange

No change

No change

No change

No change

The value obtained by anding the contents of the carry flag and the bit num
of src is set.

Execution example: ANDCF 6,(100H)
When the contents of memory address 100 = 01000000B (binary) and
the carry flag = 1, execution sets the carry flag to 1.
76543210
[o[1]o]o]o]o]o]o] Address 100

<—[I] Carry flag (before execution)
m Carry flag (after execution)

CPU900-61




TOSHIBA TLCS-900

BIT num, src

< Bittest >
Operation : Zflag < inverted value of srce <num>
Description : Transfers the inverted value of the bit num of src to the Z flag.
Details
State Mnemonic Code
Byte Word Long word
4 4 - BIT #4,r 1,1,0/z[1] |r,
0|011|1 0|0|111
0,0,0,0] #,4,
8 - - BIT #3, (mem) 1lm[1,1/mmmm
1|11010|1 |#3|
Flags : S 2 H V N C
<[ [1]x]o[-]
S = Anundefined value is set.
7Z = Theinverted value of src<num> is set.
H = 1lisset.
V = Anundefined value is set.
N = ResettoO.
C = Nochange

Execution example: BIT 5,(100H)
When the contents of memory address 100 = 00100000B (binary),
execution sets the Z flag to 0.

76543210
]o|o|1|o|o|o|o|o| Address 100

Inverted

Zflag
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BS1B dst, src

< Bit Search 1 Backward >

Operation  : dst < srcbackward searched value

Description : Searches the src bit pattern backward (from MSB to LSB) for the first bit set
to 1 and transfers the bit number to dst.

Details
State Mnemonic Code
Byte Word Long word
- 4 - BS1B Ar 1,1,0,1,1] |r,

0,0,0,0,1,1,1,1

Note : dst in the operand must be the A register; src must be the register in
words. If no bit set to 1 is found in the searched bit pattern, sets the A
register to an undefined value and the V flag to 1.

Flags :

S

=l-1-1-[-1-]

= Nochange

= Nochange

= Nochange

= 1isset if the contents of src are all 0s (no bit is set to 1), otherwise 0.
= Nochange

= Nochange

Z H V N C

Qz<mN®

Execution example: BS1B AIX
When the IX register = 1200H, execution sets the A register to 0CH.

15 14 13 11 10 9

8 1
oflofo[1]ofo]1]0

6 4 3 2 0
0o{ojo0(0f(0 0 IX register

—_——

Search for 1.
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BS1F dst, src

< Bit Search 1 Forward >

Operation : dst < srcforward searched result

Description : Searches the src bit pattern forward (from LSB to MSB) for the first bit set to
1 and transfers the bit number to dst.

Details .
State Mnemonic Code
Byte Word Long word
- 4 - BS1F A,r 1,1,0,1,1]  r

0,0,0,0,1,1,1,0

Note : dst in the operand must be the A register; src must be a register in words.
If no bit set to 1 is found in the searched bit pattern, sets the A register to
an undefined value and the V flagto 1.

Flags : s z H vV N ¢
[-[-1-[+1-[-]

= Nochange

No change

No change

1 is set if the contents of src are all Os (no bit is set to 1), otherwise 0.
No change

No change

QzgmN®
I

Execution example: BS1F AIX
When the IX register = 1200H, execution sets the A register to 09H.

15 14 13 12 11 10
0/0|0[1({0]0

|
! Search for 1.

O [0

IX register
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CALL condition, dst

< Call subroutine >

Operation : Inminimum mode, if ccis true, then XSP « XSP —2,(XSP) « 16-bit PC,
PC «dst.
In maximum mode, if cc is true, then XSP <« XSP —4,(XSP) « 32-bit PC,
PC <« dst.
Description : If the operand condition is true, saves the contents of the program counter to

the stack area and jumps to the program address specified by dst.

Details
State Mnemonic Code
12 (minimum mode) CALL #16 0,0,0,1,1,1,0,0
14 (maximum mode) #<T:0>
#<15:8>
14 (maximum mode) CALL #24 0,0,0,1,1,1,0,1
#<T7:0>
#<15:8>
#<23:16>
12 (If cc is true, in minimum mode) CALL [cc,] mem 1 ]m| 1,1lmmmm
14 (If cc is true, in maximum mode.) 1,1,1,0 e ¢

6 (ccisfalse.)

Flags Z H V N C
F I-1-1-1-T-]
No change
= Nochange
No change
No change
No change
No change

Execution example: CALL 9000H
When the stack pointer XSP is 100H in minimum mode, executing this
instruction at memory address 8000H writes the return address 8003H
(word data) to memory address OFEH, sets the stack pointer XSP to
0FEH, and jumps to address 9000H.

I

Qz<mN®m
i
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CALR dst

< Call Relative >

Operation : Inminimum mode, XSP « XSP—2,(XSP) < 16-bit PC,PC «dst.
In maximum mode, XSP « XSP —4,(XSP) « 32-bit PC,PC « dst.

Description : Saves the contents of the program counter to the stack area and makes a
relative jump to the program address specified by dst.

Details
State Mnemonic Code

12 (minimum mode) CALR $+3+d16 0,0,0,1,1,1,1,0
14 (maximum mode) d<7:0>

d<15:8>

Flags H V N C
I—I-I—I—I—I—T
No change
No change
No change
= Nochange
No change
No change

Qz<mN®
[T T |

n
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CCF

< Complement Carry Flag >

Operation : CY <« inverted value of CY
Description : Invertsthe contents of the carry flag.
Details
State Mnemonic Code
2 CCF 0,0,0,1,0,0,1,0
Flags : S 2 H VvV N C
T-IxT-ToT-

S = Nochange

Z = Nochange

H = Anundefined value is set.

V = Nochange

N = ResettoO.

C = Inverted value of itselfis set.

Execution example: When the carry flag = 0, executing CCF sets the carry flag to 1;
executing CCF again sets the carry flag to 0.

n Carry flag (before execution) Carry flag (before execution)

Inverted Inverted

n Carry flag (after execution) n Carry flag (after execution)
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CHG num, dst

< Change >
Operation : dst<num> < Inverted value of dst<num>
Description : Invertsthe value of bit num of dst.
Details
State Mnemonic Code
Byte Word Long word
4 4 - CHG #4,r 1,1,0[z[1] |r,
0,0,1,1,0,0,1,0
0 | 0, 0 | 0 | #|4 |
8 - - CHG #3, (mem) 1|m|1|1|m m m m
1,1,0,0,0] #3
Flags : g H V N C
S = Nochange
Z = Nochange
H = Nochange
V = Nochange
N = Nochange
C = Nochange

Execution example: CHG 5,(100H)
When the contents of memory address 100 = 00100111B (binary),
execution sets the contents to 00000111B (binary).

4 3 0
[oJo[1]JoJo]1]1]1] Address100 (before execution)

Inverted

| 0 | 0joljo I 0 l 1 | 1 [ 1 I Address 100 (after execution)
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CP srcl, src2

< Compare >

Operation : srcl—src2
Description : Compares the contents of srcl with those of src¢2 and indicates the results in
flag register F.
Details
State Mnemonic Code
Byte Word Long word
4 4 7 CP R,r 1,1]z z]1] |r,
t,1,1,1,0] R,
4 4 - CP T, #3 1|1|0‘z‘1 LT
1|1|0|1|1 l#3l
4 4 7 CP T, # 1,1]zz]1] |r,
1,1,0,0,1,1,1,1
#<T7:0>
#<15:8>
#<23:16>
#<31:24>
4 4 6 cp R, (mem) 1[m[z,z[mmmm
1,4,1,1,0] R,
6 6 6 Cp (mem), R 1|mlz|z|m m mm
1,1,1,1,1] R
6 6 - CP<W>  (mem), # 1[m[o]z][m mmm
OIOLlllllllllll
#<7.0>
#<15:8>

Note : #3in operands indicates from 0 to 7.
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Flags : 8§ Z H V N ¢
EIEEERERENEY
MSB value of the result is set.
lis set if the result is 0, otherwise 0.
1 is set if a borrow from bit 3 to bit 4 occurs as a result of the operation,
otherwise 0. If the operand is 32 bits, an undefined value is set.
1is set if an overflow occurs as a result of the operation, otherwise 0.
1isset.
1 is set if a borrow occurs from the MSB bit as a result of the operation,
otherwise 0.

Qz<g jaalll SR !
1

Execution example: CP HL,IX
When the HL register = 1234H and the IX register = 1234H,
execution sets the Z and N flags to 1 and clears the S, H, V, and C flags

to zero.
1234 HL register
@‘_—" 1234 IX register
0000 (Not loaded)
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CPD srcl, src2

< Compare Decrement >

Operation : srcl—sre2,BC«<BC-1

Description : Compares the contents of srcl with those of src2, then decrements the
contents of the BC register by 1. srcl must be the A or WA register. src2
must be in post-decrement register indirect addressing mode.

Details
State Mnemonic Code
Byte Word Long word
8 8 - CPD [AIWA,(R—)] [1,0,0]z[0] R

0,0,0,1,0,1,1,0

Note : Omitting operands in square brackets [] specifies A,(XHL—).

Flags : § Z H V N C
ERENEIEAENEN
MSB value of the result of srcl-sre2 is set.
1 is set if the result of srcl-src2 is 0, otherwise 0.
1 is set if a borrow from bit 3 to bit 4 occurs as a result of srcl-sre2, otherwise
0.
0 is set if the BC register value is 0 after execution, otherwise 1.
1is set.
No change

Qz< TN ®»
Il

I

Execution example: CPIA,(XIX-)
When the XIX register = 00123456H and the BC register = 0200H,
execution compares the contents of the A register with those of memory
address 123456H, then sets the XIX register to 00123455H, the BC
register to 01FFH.
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CPDR srcl, src2

< Compare Decrement Repeat >

Operation srcl —src2, BC <~ BC—1, Repeat until srel =src2 or BC=0
Description Compares the contents of srcl with those of src2. Then decrements the
contents of the BC register by 1. Repeats until srcl = sre2 or BC = 0. srcl
must be the A or WA register. src2 must be in post-decrement register
indirect addressing mode.
Details
State Mnemonic Code
Byte Word Long word
10 10 - CPDR [A/WA,(R—)] [1,0,0]z|0] R,
(At non-repeat) 0,0,0,1,0,1,1,1
14 14 -
(At repeat)

Note : Omitting operands in square brackets [] specifies A, (XHL—).

Flags : 8

Z H V N C

L~ ]

el la]-]

az< mN®w
|

MSB value of the result of srel - src2 is set.

1is set if the result of srcl - sre2 is 0, otherwise 0.

1 is set if a borrow from bit 3 to bit 4 occurs as a result of srcl - sre2,
otherwise 0.

= Qisset if the BC register value is 0 after execution, otherwise 1.

11is set.
No change

Execution example: CPIR A, (XIX-—)

Under the following conditions, execution reads the contents of memory
addresses 123456H, 123455H, and 123454H. The instruction ends with
condition BC = 0 and sets the XIX register to 00123453H and the BC
register to 0000H.
Conditions: A register = 55H

XIX register = 00123456H

BC register = 0003H

Memory address 123456H = 11H

Memory address 1234556H = 22H

Memory address 123454H = 33H
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CPI srcl, src2

< Compare Increment >
Operation : srcl-src2,BC < BC~-1

Description : Compares the contents of srcl with those of src2, then decrements the
contents of the BC register by 1. srcl must be the A or WA register. src2
must be in post-increment register indirect addressing mode.

Details
State Mnemonic Code
Byte Word Long word
8 8 - CPI [A/WA,R+)] |1,0,0[z]0] R,

0,0,0,1,01,0,0

Note : Omitting operands enclosed in square brackets [] specifies A,(XHL +).

Flags : § Z H V N C

e defefefe]-]
S = MSB value of the result of src1-src2 is set.
Z = 1lissetifthe result of srcl-sre2. is 0, otherwise 0.
H = 1lissetifaborrow from bit 3 to bit 4 occurs as a result of srcl-src2, otherwise
0.
V = O0issetif the BC register value is 0 after execution, otherwise 1.
N = 1lisset.
C = Nochange

Execution example: CPI A, XIX+)
When the XIX register = 00123456H and the BC register = 0200H,
execution compares the contents of the A register with those of memory
address 123456H, and sets the XIX register to 00123457H and the BC
register to 01FFH.
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CPIR srcl, src2

< Compare Increment Repeat >

Operation : srcl-src2, BC <~ BC—1, repeat until srcl =src2 or BC=0

Description : Compares the contents of srcl with those of src2. Then decrements the
contents of the BC register by 1. Repeats until srcl = src2 or BC = 0. srcl
must be the A or WA register. src2 must be in post-increment register
indirect addressing mode.

Details
State Mnemonic Code
Byte Word Long word
10 10 - CPIR [A/WA,R+)] [1,0,0[z][0] R
(At non-repeat) 0,0,0,1,0,1,0,1
14 14 -
(At repeat)

Note : Omitting operands in square brackets[ ]specifies A (XHL++).

Flags : 8 Z H V N C
el el fo]-]
= MSB value of the result of srcl-src2 is set.
= lissetifthe result of srcl-src2 is 0, otherwise 0.
= 1issetif a borrow from bit 3 to bit 4 occurs as a result of srcl-src2, otherwise
0.
0 is set if the BC register value is 0 after execution, otherwise 1.
= lisset.
No change

Qz< mN®
Il

Execution example: CPIR A/(XIX+)

Under the following conditions, execution reads memory addresses
123456H, 123457H, and 123458H. The instruction ends with condition
srcl = src2, sets the XIX register to 00123459H and the BC register to
01FDH.
Conditions: A register = 33H

XIX register = 00123456

HBC register = 0200H

Memory address 123456H = 11H

Memory address 123457H = 22H

Memory address 123458H = 33H
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CPL dst

‘< Complement >

Operation : dst < Onescomplement of dst
Description : Transfers the value of ones complement (inverted bit of 0/1) of dst to dst.
Details
State Mnemonic Code
Byte Word Long word
4 4 - CPL r 1,1,0[z]1] (v
0I010I010I111L0
Flags H V N C
L—I—Illjll—]
S = Nochange
Z = Nochange
H = 1lisset.
V = Nochange
N = 1lisset.
C = Nochange

Execution example: CPL WA
When the WA register = 1234H, execution sets the WA register to
EDCBH.

|0001 0010 0011 0100\ WA register (before execution)

@ Inverted

[1110 1101 1100 1011 | WA-register (after execution)
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DAA dst

< Decimal Adjust Accumulator >

Operation dst «- decimal adjustment of dst
Description Decimal adjusts the contents of dst depending on the states of the C, H,and N
flags. Used to adjust the execution result of the add or subtract instruction as
binary-coded decimal (BCD).
Details
State Mnemonic Code
Byte ‘Word Long word
6 - - DAA r 1,1,0,0,1] ,r,
0,0,0,1,0,0,0,0
N flag Cftlag H flag C flag after
Opera- | before before Upper 4 before Lower 4 Added DAA
tion . DAA . DAA bits of dst | . DAA bits of dst value instruction
instruction | instruction instruction execution
execution | execution execution
0 0 0~9 0 0~9 00 0
0 0 0~8 0 A~F 06 0
ADD 0 0 0~9 1 0~3 06 0
0 0 A~F 0 0~9 60 1
ADC 0 0 9~F 0 A~F 66 1
0 0 A~F 1 0~3 66 1
0 1 0~2 0 0~9 60 1
0 1 0~2 0 A~F 66 1
0 1 0~3 1 0~3 66 1
SuUB 1 0 0~9 0 0~9 00 0
SBC 1 0 0~8 1 6~F FA 0
NEG 1 1 7~F 0 0~9 AD 1
1 1 6~F 1 6~F 9A 1

Note : Decimal adjustment cannot be performed for the INC or DEC instruction. This is
because the C flag does not change.
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Flags

S = MSB value of the result is set.

Z = 1lissetiftheresultis0, otherwise0.

H = 1 is set if a carry from bit 3 to bit 4 occurs as a result of the operation,
otherwise 0.

V = 1issetif the parity (number of 1s) of the result is even, otherwise 0.

N

C

No change
1is set if a carry occurs from the MSB as a result of the operation or a carry
was 1 before operation, otherwise 0.

Execution example: ADD AB
DAA A
When the A register = 59H and the B register = 13 H,
execution sets the A register to 72H.

CPU900-77



TOSHIBA TLCS-900

DEC num, dst

< Decrement >

Operation : dst<«dst—num
Description : Decrements dst by the contents of num and transfers the result to dst.
Details
State Mnemonic Code
Byte Word Long word
4 4 5 DEC #3,1 1,1]z,2[1] | r,
0,1,1,0, 1| #3
6 6 - DEC<W> #3,(mem) 1[mlolz[mmmm
0,1,1,0,1] #3

Note : #3 in operands indicates from 1 to 8; object codes correspond from 1 to 7,0.

Flags : S 2z H vV N C

L AR ENEN

*

S = MSB value of the result is set.
Z = 1issetiftheresultisO, otherwise 0.
H = 1 is set if a borrow from bit 3 to bit 4 occurs as a result of the operation,
otherwise 0.
V = 1lissetifan overflow occurs as a result of the operation, otherwise 0.
N = 1isset.
C = Nochange
Note: With the DEC #3, r instruction, if the operand is a word or a long word, no flags
change.

Execution example: DEC 4, HL
When the HL register = 5678H, execution sets the HL register to
5674H.
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DECF

< Decrement Register File Pointer >

Operation : RFP<2:0> <« RFP<2:0>-1

Description : Decrements the contents of register file pointer RFP <2:0> in the status
register by 1. In maximum mode, RFP2 is fixed to 0.

Details :
State Mnemonic Code

2 DECF [0,0,0,0,1,1,0,1

Flags Z H V N C
I—l—l-i—l—l—]
= Nochange
No change
No change
No change
No change
= Nochange

Il

OZ<1’;121NUJ
I

Execution example: DECF
When the contents of RFP<2:0> = 2, execution sets the contents of
RFP<2:0> to 1.
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DI

<Disable Interrupt>

Operation : IFF<2:0> «7

Description : Sets the contents of the interrupt enable flag IFF) <2:0> in status register
to 7. After execution, only non-maskable interrupts (interrupt level 7) can be
received.

Details :
State Mnemonic Code

5 DI 0,0,0,0,0,1,1,0

0,0,0,0,0,1,1,1

Flags : s H V N C
I—[—l—l—l—l =
= Nochange
No change
No change
No change
No change
No change

QzZ<mN®
I
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DIV dst, src

< Divide >
Operation : dst<lower half> <« dst+src,dst <upper half> < remainder (unsigned)
Description‘ : Divides unsigned the contents of dst by those of src and transfers the quotient

to the lower half of dst, the remainder to the upper half of dst.

Details
State Mnemonic Code
Byte Word Long word

292 30 - DIV RR,r 1,1,0/z[1] |r,
0,1,0,1,0] R
22 30 - DIV T, # 1,1,0fz[1] |r
0,0,0,0,1,0,1,0

#<T:0>

#<15:8>
22 30 - DIV RR, (mem) 1/m|o]z|mmmm
0,1,0,1,0] ;R

*For RR, see the following page.

Notes : When the operation is in bytes, dst (lower byte) < dst (word) =+ src (byte),
dst (upper byte) < remainder.
When the operation is in words, dst (lower word) <« dst (long word) +src (word),
dst (upper word) < remainder. Match coding of the operand dst with the size of the
dividend.

H V N C

| -l-Iv]-[-]

No change

No change

No change

= 1isset when divided by 0 or the quotient exceeds the numerals which can be
expressed in bits of dst for load; otherwise, 0 is set.

No change

No change

Flags

I

QzZ <ImNU?jm
I

Il

CPU900-81



TOSHIBA , TLCS-900

Execution example: DIV XIX,IY
When the XIX register = 12345678H and the IY register = 89ABH,

execution results in a quotient of 21DAH and a remainder of 0FDAH,
and sets the XIX register to 0OFDA21DAH.

Note : : “RR” of the DIV RR,r and DIV RR,(mem) instruction is as listed below.

Operation size in bytes Operation size in words

(8 bits <~ 16 bits + 8 bits) (16 bits « 32 bits + 16 bits)
RR Code “R” RR Code “R"
WA 001 XWA 000
BC 011 XBC - 001
DE 101 XDE 010
HL 111 XHL 011

"""" x N ] TTxax T 00

Y Specifica- | - XY 101
iz Dossibia! Xz 110
SP XSP 11

*1  When the CPU is in minimum mode, XWA,
XBC, XDE, and XHL cannot be used.

“rr” of the DIV rr,# instruction is as listed below.

Operation size in bytes Operation size in words
(8 bits «— 16 bits + 8 bits) (16 bits «- 32 bits + 16 bits)
rr Code “r" rr Code "r"
WA 001 XWA 000
BC 011 XBC 001
DE 101 XDE 010
HL 111 XHL 011 ]
S B VI VR N xix | 100
Y C7H : F4H XY 101
1z C7H : F8H Xz 110
SP C7H : FCH XSP 111
Istbyte 2nd byte *3  When the CPU is in minimum mode, XWA,

*2  Any other word registers can be specified | XBC, )éﬁg; ?0”: XngfjaPenoisttgfs%;idbe
in the same extension coding as IX to SP. spneycioﬁed in th% ‘gxtensiogn coding
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DIVS dst, src

< Divide Signed >

Operation : dst<lower half> < dst-+src,dst<upper half> <« remainder (signed)

Description : Divides signed the contents of dst by those of src and transfers the quotient to
the lower half of dst, the remainder to the upper half of dst.

Details
State Mnemonic Code
Byte Word Long word
24 32 - DIVS RR,r 1,1,0[z]1] |r,
0,1,0,1,1} |R)
24 32 - DIVS T, # 11,021 | r
0,0,0,0,1,0,1,1
#<7:0>
#<15:8>
24 32 - DIVS RR, (mem) 1[m[o]z[mmmm
0,1,0,1,;1] R,

* For RR, see the following page.

Notes : When the operation isin bytes, dst (lower byte) < dst (word) <+ src (byte), dst (upper
byte) < remainder.
When the operation is in words,dst (lower word) < dst (long word)=+src (word), dst
(upper word) < remainder.
Match coding of the operand dst with the size of the dividend. The sign of the
remainder is the same as that of the dividend.

w0

Flags

T T-T-]

= Nochange

No change

No change

1 is set when divided by 0, or the quotient exceeds the value which can be
expressed in bits of the dst used for loading, otherwise 0.

= Nochange

No change

Qz <EN®
I
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Execution example: DIVS XIXIY
When the XIX register = 12345678H and the IY register = 89ABH,

execution results in the quotient as 16EEH and the remainder as
D89EH, and sets the XIX register to IL6EED89EH.

Note: “RR”of the DIVS RR,r and DIVS RR,(mem) instruction is as listed below.

Operation size in bytes Operation size in words
(8 bits «~ 16 bits + 8 bits) (16 bits «~ 32 bits + 16 bits)
RR Code “R" RR Code “R”
WA 001 XWA 000
BC 011 XBC 001
DE 101 XDE 010
L HL 111 ] XHL 011
IX XIX 100
Iy Specifica- XY 101
tion not
1z possible! Xiz 110
SP XSP 111

*1  When the CPU is in minimum mode, XWA,
XBC, XDE, or XHL cannot be used.

“rr” of the DIVS rr,# instruction is as listed below.

Operation size in bytes Operation size in words
(8 bits « 16 bits + 8 bits) (16 bits « 32 bits + 16 bits)

rr Code "r" rr Code “r”

WA 001 XWA 000

BC 0 XBC 001

DE 101 XDE 010
L o X | 01|

IX C7H : FOH XIX 100

Y C7H : F4H XY 101

V4 C7H : F8H Xz 110

sp C7H : FCH XsP 11

1stbyte 2nd byte *3  When the CPU is in minimum mode, XWA,
XBC, XDE, or XHL cannot be used.

*2  Any other word registers can be specified  +4 Any other long word registers can be
in the same extension coding as those for specified in the extension coding
IX to SP. ’
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DJNZ dstl, dst2

< Decrement and Jump if Non Zero >

Operation : dstl «-dstl—1. ifdstl # 0, then PC « dst2.

Description : Decrements the contents of dstl by 1. Makes a relative jump to the program
address specified by dst2 if the result is other than 0.

Details:
State Mnemonic Code

Byte Word Long word

11 11 - DJNZ [r,J$+3+d8 1,1,0[z]1] |r,
(dst1+0) 0,0,0,1,1,1,0,0

d<7:0>

7 7 —

(dst1=0)

Note : Omitting “r” of the operand in square brackets [ ]is regarded as specifying the B
register.

Flags : 8 2z H V N C
= [-1-1T-[-T-]
= Nochange
No change
No change
No change
No change
No change

Il

Il Il

Qz<IDN®
Il

Il

Execution example: LOOP:ADD A A
DJNZ W,LOOP
When the A register =12H and the W register = 03H, execution loops
three times and sets the A register to 24H—48—90H and the W register
to 02H —01H—00H.
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EI num
<Enable Interrupt>

Operation : IFF <2:0> < num

Description : Sets the contents of the IFF<2:0> in the status register to num. After
execution, the CPU interrupt receive level becomes num.

Details
State Mnemonic Code

5 EI [#3] 1,1,0

L0
(O] #3)

Note : A value from 0 to 7 can be specified as the operand value. If the operand is omitted,
the default value is “0” (EI  0).

Z H V N C
[-[-1-1-1-]
No change
No change
No change
No change
= Nochange
No change

Flags

il

S
li
S
Z
H
\4
N
C
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EX dst, src

< Exchange >

Operation : dstesrc
Description : Exchanges the contents of dst and sre.
Details
State Mnemonic Code
Byte Word Long word
2 - - EX F,F [0,0,0 1 ,0,1,1,0
5 5 - EX R,r 1,1]z 2]1] |r|
1,0)1,1,1} ;R
6 6 - EX (mem), r llmlzlzlm m mm
0,0,1,1,0] R,
Flags : 8 H V N C
S = Nochange
Z = Nochange
H = Nochange
V = Nochange
N = Nochange
C = Nochange
*

Executing EX F,F’ changes all flags.

Execution example: EX AB
When the A register = 12H and the B register = 34H, execution sets
the A register to 34H and the B register to 12H.

Aregister B register (before execution)

=

A register B register (after execution)
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EXTS dst

< Extend Sign >

Operation : dst <upper half> <« signed bit of dst <lower half>

Description : Transfers (copies) the signed bit (bit 7 when the operand size is a word, bit 15
when a long word) of the lower half of dst to all bits of the upper half of dst.

Details
State Mnemonic Code
Byte ‘Word Long word

- 5 5 EXTS r 1 1]z 2] |r|
0,0,0,1,0,0,1,1

797 H V N C
|—|—|—I—I-I—|
No change
No change
No change
No change
No change
No change

QzZzgmN®m
o nn

Execution example: EXTS HL
When the HL register = 6789H, execution sets the HL register to
FF89H.

i5 8 7 0]
[o]1]1Jofo1[1]1]1JoJoJo]1]o]o]1] HLregister(before execution)
15 i 0
O[] [a o[ fofoJo]1]o]o]1] HLregister (after execution)

g
TEEEEENN
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EXTZ dst

< Extend Zero>

Operation : dst<upper half> «0

Description : Clears the upper half of dst to zero. Used for making the operand sizes the
same when they are different.

Details
State Mnemonic Code
Byte Word Long word
- 4 4 EXTZ r 1,1z 2]1] |r,
OIOIO|1|0|01110

Flags Z H V N C
I-I-I—I-I—I-I
No change
No change
No change
No change
No change
No change

OZ<}mN(JJ
Il

l

Execution example: EXTZ HL
When the HL register = 6789H, execution sets the HL register to
0089H.

EXTZ XIX
When the XIX register = 12345678H, execution sets the XIX register
to 00005678H.
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HALT

< Halt

CPU >

Operation CPU halt
Description Halts the instruction execution. To resume, an interrupt must de received.
Details :
State Mnemonic
8 HALT 0,0,0,0,0,1,01
Flags : S H V N C

|—I—I—|—|—I

OZ<2."-E2NUJ

Il

No change
No change
No change
No change
No change
No change
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INC num, dst

< Increment >

Operation : dst«dst-+num
Description : Adds the contents of dst and num and transfers the result to dst.
Details
State Mnemonic Code
Byte Word Long word
4 4 4 INC #3,1 1,1]z,2[1] |r,
0,1,1,0,0 I#31
6 6 — INC<W> #3, (mem) llm‘()‘zlm m,m,;m
0,1,1,0,0] \#3

Note : #3 in operands indicates from 1 to 8 and object codes correspond from 1 to 7,0.

Flags : 8§ Z H V N ¢

e[ Jo]-]

*

S = MSB value of the result is set.
Z = 1lissetiftheresultis0, otherwise0.
H = 1 is set if a carry occurs from bit 3 to bit 4 as a result of the operation,
otherwise 0.
V = 1lissetifan overflow occurs as a result of the operation, otherwise 0.
N = Cleared to zero.
C = Nochange
Note: With the INC #3,r instruction, if the operand is a word or a long word, no flags
change.

Execution exampl : INC 5WA
When the WA register = 1234H, execution sets the WA register to
1239H.
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INCF

< Increment Register File Pointer >

Operation : RFP<2:0> < RFP<2:0>+1
Description : Increments the contents of RFP<2:0> in the status register by 1. In
maximum mode, RFP2 is fixed to 0.

Details
State Mnemonic Code

2 INCF 0,0,0,0,1,1,0/0]

Flags : H V N
l—I-I—I—I—J—I
No change
No change
No change
= Nochange
No change
No change

I

oz<:c:Nm
|

Il

Execution example: INCF
When the contents of RFP<2:0> = 2, execution sets the contents of
RFP<2:0> t0 3.
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JP condition, dst

< Jump >
Operation : Ifccistrue,then PC « dst.
Description : If the operand condition is true, jumps to the program address specified by
dst.
Details
State Mnemonic Code
7 JP #16 0,0,0,1,1,0,1,0
#<T7:0>
#<15:8>
7 JP #24 0,0,0,1,1,0,1,1
#<T:.0>
#<15:8>
#<23:16>
9 (ccis true) JP [ce,] mem 1]m11|1 m m, ;mm
6 (ccis false) 1]14{0[1 [ci¢

Flags H V N C
I—l—I—l—I—l—I
= No change
No change
No change
No change
No change
No change

QZ<mN®
I

Il

Execution example: JP 2000H
Execution jumps unconditionally to address 2000H.
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JR condition, dst

< Jump Relative >

Operation  : Ifccistrue, then PC <« dst.

Description : If the operand condition is true, makes a relative jump to the program
address specified by dst.

Details
State Mnemonic Code
8 (cc is true) JR [ec,]$+2+d8 0,1,1,0] ,c, ¢,
4 (ccis false) d<T7:0>
8 (cc is true) JRL [ec,]$+3+d16 0,1,1,1] e c,
4 (ccis false) #<T:0>
#<15:8>
Flags : 8 H V' N C
S = Nochange
Z = Nochange
H = Nochange
V = Nochange
N = Nochange
C = Nochange

Execution example: JR 2078H
When this instruction is executed at memory address 2000H, execution
relative jumps unconditionally to address 2078H. The object code of the
instruction is 68H : 7T6H. :

Memory
N

68 | Address 2000H (Op code)
7_6 | Address2001H (displacement)

JR

Address 2078H
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LD dst, src
< Load >
Operation : dst<«src
Description : Loadsthe contents of src to dst.
Details
State Mnemonic Code
Byte Word Long word
4 4 4 LD R, r 1,1z 2|1 | r
1,0,0,0,1} R,
4 4 4 LD r, R 1lljzlz£ LT
1,0,0,1,1] R,
4 4 4 LD r, #3 1, 1]z 2|1 |r|
1,0,1,0 1] #3
2 3 5 LD R, # 0]z,z,z]0] |R,
#<T7.0>
#<15:8>
#<23:16>
#<31:24>
4 4 6 LD r, # 1,1z, 2|1] |r|
0,0,0,0,0,0;1,1
#<T:0>
#<15:8>
#<23:16>
#<31:24>
4 4 6 LD R, (mem) 1lm|z,z|mmmm
0,0,1,0,0/ R,
4 4 6 LD (mem), R 1[m[1,1|mmmm
0 | 1|z |z 0 L&l
5 6 ~ LD<W>  (#8), # 0,0,0,0,1,0]z]o0
#8
#<T:0>
#<15:8>
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State Mnemonic Code
Byte ‘Word Long word
5 6 - LD<W> (mem), # 1|m|1|1|mlm m,m
0|0|0|0|0|0 z |0
#<T7:0>
#<15:8>
8 8 - LD<W>  (#16), mem) [1|m[0]z|m m mm
0,0,0,1,1,0,0,1
#16<7:0>
#16<15:8>
8 8 - LD<W>  (mem), (#16) |1|m|1,1|m m mm

Flags : S Z H V N C

=l=1-T-1-1-]

S = Nochange
No change
= Nochange
No change
= Nochange
= No change

QZ <IN
Il

Execution example: LD IX,DE

0,0,0,1,0,11z]0

#16<T7:0>

#16<15:8>

When the DE register =4567H, execution sets the IX register to 456 7H.

4 5 6 7| DEregister

Loads

4 5 6 7| iXregister
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LDA dst, src

< Load Address >

Operation : dst « srceffective address value

Description : Loads the src effective address value to dst.

Details
State Mnemonic Code
Byte Word Long word
— 4 4 LDA R, mem 1|m|1 1|mmmm
0,0,1[s{0o] |R,

Note : This instruction operates much like the ADD instruction; the difference is that
dst is specified independently from src. Mainly used for handling the pointer with
the C compiler.

Flags : H V N C
l—[—|—|—|—|—|
No change
No change
No change
No change
No change
No change

oz<mNm
Il

Execution example: LDA XIX, XIY+33H
When the XIY register = 00123456H, execution sets the XIX register
to 00123489H.

00123456 XIY register

< 33| displacement

00123489 XiX register
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LDAR dst, src

< Load Address Relative >

Operation : dst < srcrelative address value
Description : Loadsthe relative address value specified in src to dst.
Details
State Mnemonic Code
Byte Word Long word
- 11 11 LDAR R,$+4+d16 1,1,1,1,0,0,1,1
0 l 0 0 1 0 0 1 1
d<7 0>
d<15:8>
0,0,1]s]o]
Flags : 8 H V N C
S = Nochange
Z = Nochange
H = Nochange
V = Nochange
N = Nochange
C = Nochange

Execution example: LDAR XIX, $+1345H
’ When this instruction is executed at memory address 1000H, execution
sets the XIX register to 00002345H. $ indicates the start address of the
instruction. The instruction's object codes are: F3H:13H:41H:13H:34H.

00001000 $

=<1 1345 displacement

00002345 XIX register
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LDC dst, src

< Load Control Register >

Operation : dst<src
Description : Loads the contents of src to dst.
Details
State Mnemonic Code
Byte Word Long word
8 8 8 LDC cr, r llllzlzlll LT
010[11011[1|1|0
cr
8 8 8 LDC T, cr 1,1]z,2]|1] |r,
°|°|1[0|1|141|1
cr
Flags Z H V N C
S = Nochange
Z = Nochange
H = Nochange
V = Nochange
N = Nochange
C = Nochange

Execution example: LDC DMACO0, WA
' When the WA register = 1234H, execution sets control register
DMACO to 1234H.

CPUS00-99




TOSHIBA TLCS-900
LDCF num, src
< Load Carry Flag >
Operation : CY «<sre<num>
Description : Loads the contents of bit num of src to the carry flag.
Details
State Mnemonic Code
Byte Word Long word
4 4 - LDCF #4,1 1,1, 0]z[1] |r,
O|0|1|0 O|0|1]1
0,0,0,0] | #,4,
4 4 - LDCF A1 1,1,0[z[1] |r,
0|0|1|0[1|0[1|1
8 - - LDCF #3, (mem) 1|m|1,1lm m m m
1|0|0|1|1 |#3|
8 — - LDCF A, (mem) 1m[1,1|mmmm
0|0l110|1|0|1l1

Notes : When bit num is specified by the A register, the value of the lower 4 bits of the A
register is used as bit num. When the operand is a byte and the value of the lower

4 bits of bit num is from 8 to 15, the value of the carry flag is undefined.
Flags H V N C

- I ~[-1-1-1-]

No change

No change

No change

No change

No change

Contents of bit num of src is set.

(Il

Il Il

QzZ <o NWw
Il

Execution example: LDCF 6, (100H)

When the contents of memoryad address 100 = 01000000B (binary),

execution sets the carry flag to 1.

5 4 32 1.0
ofofoJolo]o] address100

7 6
o] 1]

|
III Carry flag
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LDD dst, src

< Load Decrement >

Operation dst «~sre, BC «~BC—1
Description Loads the contents of src to dst, then decrements the contents of the BC
register by 1. src and dst must be in post-decrement register indirect
addressing mode.
Details
State Mnemonic Code
Byte Word Long word
10 10 - LDD<W> [(XDE—-),(XHL-)][1,0,0]z]0,0,1 1
OIOIOIIIOIOIIIO
LDD<W> (XIX—),(XIY—) [1,0,0]z]0,1,0,1
0|0|0|1101011|0
* Coding in square brackets [ ] can be omitted.
Flags : § Z H V N C
[-[-fol+[o]-]
S = Nochange
Z = Nochange
H = Clearedto0.
V = 0issetifthe BC register value is 0 after execution, otherwise 1.
N = Cleared to zero.
C = Nochange

Execution example: LDD (XIX-—),(XIY—)

When the XIX register = 00123456H, the XIY register = 00335577H,
and the BC register = 0700H, execution loads the contents at address
335577 to address 123456H and sets the XIX register to 123455H, the
XIY register to 00335576H, and the BC register to 06 FFH.
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LDDR dst, src

< Load Decrement Repeat >

Operation : dst < src, BC «<~BC—1, Repeat until BC=0

Description : Loads the contents of src to dst, then decrements the contents of the BC
register by 1. If the result is other than 0, the operation is repeated. src and
dst must be in post-decrement register indirect addressing mode.

Details
State Mnemonic Code
Byte Word Long word
10 10 - LDDR<W>[(XDE-),(XHL-)}{1,0,0]z|0,0,1,1
(Non-repeat) 0,0,0,1,0,0,1,1
14 14 - LDDR<W> (XIX-),(XIY-) [1,0,0[z]o0 1,01
(Repeat) 0,0,0,1,0,0,1,1
* Coding in square brackets [ ] can be omitted.
Note : Interruptrequestsare sampled every time 1 item of data is loaded.

Flags : 8§ Z H V N C
[=l-Jofofo]-]

No change
No change
Cleared to zero.
Cleared to zero.
Cleared to zero.
= Nochange

QzZ<IEN®
1l

Execution example: LDDR (XIX-),(XIY-)

When the XIX register = 00123456H, the XIY register = 00335577H,
and the BC register = 0003H, the results of the execution are as
follows:

Loads the contents of address 335577TH to 123456H.

Loads the contents of address 335576H to 123455H.

Loads the contents of address 335575H to 123454 H.

Sets the XIX register to 00123453H.

Sets the XIY register to 00335574 H.

Sets the BC register to 0000H.
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LDF num

< Load Register File Pointer >

Operation : RFP<2:0><-num

Description : Loads the num value to the register file pointer RFP<2:0> in status
register. Since RFP2 is fixed to 0 in maximum mode, when the num value is
from 4 to 7, RFP is set to from 0 to 3.

Details
State Mnemonic Code
2 LDF #3 0|0|0|110 lllLl
OIOIOIOLO |#3|
Note : In minimum mode, the operand value can be specified from 0 to 7; in maximum
"mode, from 0 to 3.
Flags : 8 H V N C

I—I—I—I—I—l—l

No change
No change
No change
No change
No change
No change

o

I

Qz<mN®
Il
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LDI dst, src

< Load Increment >

Operation dst < src,BC «<BC-1
Description Loads the contents of src to dst, then decrements the contents of the BC
register by 1. src and dst must be in post-increment register indirect
addressing mode.
Details
State Mnemonic Code
Byte Word Long word ]
10 10 - LDI<W> [(XDE+),(XHL+)][1,0,0[z]0 0,1 1
0,0,0,1,0,0,0,0
LDI<W> (XIX+),(XIY+) [1,0,0][z]0,1,0,1
0,0,0,1,0,0,0,0
* Coding in square brackets [ ] can be omitted.
Flags : 8§ Z H V N ¢C
[-l-lol*[o]-]
S = Nochange
Z = Nochange
H = Cleared to zero.
V = 0isset when the BC register value is 0 after execution, otherwise 1.
N = Cleared to zero.
C = Nochange

Execution example: LDI (XIX+ ), (XIY +)

When the XIX register = 00123456H, the XIY register = 00335577H,
and the BC register =0700H, execution loads the contents of address
335577H to 123456H and sets the XIX register to 00123457H, the XIY
register to 00335578H, and the BC register to 06 FFH.

CPU900-104



TOSHIBA TLCS-900

LDIR dst, src

< Load Increment Repeat >

Operation : dst «<src, BC <~ BC—1,Repeat until BC=0

Description : Loads the contents of src to dst, then decrements the contents of the BC
register by 1. If the result is other than 0, the operation is repeated. src and
dst must be in post-increment register indirect addressing mode.

Details
State Mnemonic Code
Byte Word Long word
10 10 - LDIR<W>[(XDE+),(XHL+)][ 1,0 0[z]0 0,1 1
(Non-repeat) 0,0,0,1,0,0,0,1
14 14 - LDIR<W> (XIX+),XIY+) |1 |0|0|210|1[0|1
(Repeat) , 0,0,0,1,0,0,0,1
* Coding in square brackets [ ] can be omitted.
Note : Interruptrequestsare sampled every time 1 item of data is loaded.

Flags : S Z H V N C

1
<
(=]
o

1

No change
No change
Cleared to zero.
Cleared to zero.
Cleared to zero.
= Nochange

Qz<mN®T
Il

Execution example: LDIR XIX+),XIY+)
When the XIX register = 00123456H, the XIY register = 00335577H,
and the BC register = 0003H, execution results as follows:
Loads the contents of address 335577H to 123456H.
Loads the contents of address 335578H to 123457H.
Loads the contents of address 335579H to 123458H.
Sets the XIX register to 00123459H.
Sets the XIY register to 0033557AH.
Sets the BC register to 0000H.
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LDX dst, src

< Load eXtract >

Operation dst < src
Description : Loads the contents of src to dst. The effective code is assigned to this
instruction every other byte. Used to fetch the code from 8-bit data bus
memory in 16-bit data bus mode.
Details
State Mnemonic Code
Byte Word Long word
9 — - LDX (#8), # 1,1,1,1,0,1,1,1
0|0|0|0|0’0|0|0
#8
0,0,0,0,0,0,0,0
#
0’0|0|0|0101010
Note Even if the second, fourth, or sixth instruction code value is not 00H, the

Flags

instruction operates correctly.
S H V N C

|—|-l—|—l-|

No change
= Nochange
No change
No change
No change
= Nochange

Il

oz<me
Il
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Execution example: LDX (6AH),9CH

Using the TMP96C141, the example executes the program using an
EPROM which has an 8-bit data bus. After reset, starts fetching the
program code in 16-bit data bus mode. When the program starts with
an external memory with an 8-bit data bus, loads the above instruction
to the start address, 8000H. Execution writes the 9CH data to the
control register at address 6AH of the built-in programmable chip
select/wait controller. As a result, memory addresses 8000H to
3FFFFFH enters 8-bit data bus OWAIT mode.

Address latch EPROM
TLCS-900 ] A15
(TMP96C141) DQ 3
After reset movement
G A8
1
A7 TLCS-900 EPROM
AD8~15 —> DQ ;
F 7 F 7 Address 8000H
G A0 - ? 00 Address 8001H
Y D7 6 A 6 A | Address 8002H
3 - ? 0 0 |Address8003H
ADO~7 00 9 C 9 C Address 8004H
- 7 0 0 |Address8005H
ALE [——c OF T
RD P cs ?indicates code input from pins AD8 to 15.
cS2 p ¥
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LINK dst,

< Link >

num

Operation (—XSP) «dst, dst« XSP, XSP« XSP+num
Description Saves the contents of dst to the stack area. Loads the contents of stack
pointer XSP to dst. Adds the contents of XSP to those of num (signed) and
loads the result to XSP. Used for obtaining a local variable area in the stack
area for -num bytes.
Details »
State Mnemonic Code
Byte ‘Word Long word
- - 10 LINK r,d16 1,1,1,0,1] |r,
0,0,0,0,1,1,0,0
d<7:.0>
d<15:8>
Flags : S Z H V N C
S = Nochange
Z = Nochange
H = Nochange
V = Nochange
N = Nochange
C = Nochange

Execution example:

LINK XIZ, —40H

When stack pointer XSP = 280H and the XIZ register 290H,
execution writes 00000290H (long data) at memory address 27CH and
sets the XIZ register to 27CH and the stack pointer to XSP 23CH.

(]

77 —XSP
i

«XIZ
V722272 «~XSP
L]
vzzzzzzzy <—XIZ

280H:
290H:

Previous XIZ value
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Operation : Maxbit<1

Description : Setsthe MAX bit in status register to 1. Changes the CPU operation mode to
maximum.

Details
State Mnemonic Code

4 MAX 0,0,0,0,0,1,0,0

Flags : s H V N C
—I—!—I—I—I—I
No change

No change

No change

No change

No change

No change

Il I

Qz4IEIN®
I

Il

Note : Basically, there is no instruction for changing from maximum to minimum mode.
However, if it is absolutely necessary, execute either of the following ways but it is
in system mode only.

(1) PUSH SR
RES 3,(XSP+1)
POP SR

CPUS00-109



TOSHIBA

TLCS-900

MDEC1 num, dst

< Modulo Decrement1 >

Operation if (dst mod num) =0 then dst < dst+ (num—1) else dst «dst—1.
Description When the modulo num of dst is 0, increments dst by num -1 .
Otherwise, decrements dst by 1. Used to operate pointers for cyclic memory
table.
Details
State Mnemonic Code
Byte Word Long word
- 7 - MDEC1 #,1 1,1,0,1,1] | r,
0|011|1|1|1|0|0
#<T7.0>-1
#<15:8>
Note : Theoperand # must be 2 to the nth power. (n = 1 to 15)
Flags H V N C

:[_

l—I—I—I-I—l

OZ<1ENUJ

No change
No change
No change
No change
= No change
No change

Il

Execution example: Decrements the IX register by cycling from 1230H to 1237H.

MDEC1 38,IX

When the IX register = 1231H, execution sets the IX register to
1230H. Further execution increments the IX register by 8-1 and sets
the IX register to 1237H, since the IX register modulo 8 = 0.

/\4

Address 1230H

Address 1237H
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MDEC2 num, dst

< Modulo Decrement 2 >

Operation : if (dst mod num) =0 then dst «dst+ (num—2) else dst «dst—2.

Description : When the modulo num of dst is 0, increments dst by num —2.

Otherwise, decrements dst by 2. Used to operate pointers for cyclic memory
table.

Details
State Mnemonic Code
Byte Word Long word

- 7 - MDEC2 #,1 1,1,01,1] | r
0,0,1,1,1,1,0,1
#<7:0> ~2
#<15:8>

Note : The operand # must be 2 to the nth power. (n = 2 to 15)

Flags l l H V N C
T-T-1-T-]
No change
No change
= No change
No change
No change
No change

Il

H

oz<mNm
1

Execution example: Decrements the IX register by cycling from 1238H to 123FH.
MDEC2 8,IX
When the IX register = 123AH, execution sets the IX register to
1238H. Further execution increments the IX register by 8-2 and sets
the IX register to 123EH, since the IX register modulo 8 = 0.

Address 1238H

Address 123FH
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MDEC4 num, dst

< Modulo Decrement 4 >

Operation : if (dst mod num)=0 then dst<dst+(num—4) else dst<dst—4.

Description : When the modulo num of dst is 0, increments dst by num—4. Otherwise,
decrements dst by 4. Used to operate pointers for cyclic memory table.

Details
State Mnemonic Code
Byte Word Long word
- 7 — MDEC4 #,r 1,1,0,1,1 T
0|O|1|1|1|1’1|0
#<T7.0> -4
#<15:8>

Note : Theoperand # must be 2 to the nth power. (n = 3 to 15)

Flags : 8 2 H V N C
=l-f{-1-[-1-]
= Nochange
No change
= Nochange
No change
No change
No change

Qz<mN®
I

Execution example: Decrements the IX register by cycling from 1280H to 12FFH.
MDEC4 80H,IX
When the IX register = 1284H, execution sets the IX register to
1280H. Further execution increments the IX register by 80H—4 and
sets the IX register to 12FCH, since the IX register modulo 80H = 0.

Address 1280H

e e

Address 12FFH

b~
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Operation : Maxbit <0

Description : Sets the MAX bit in status register to 0. Changes the CPU operation mode to
minimum.

Details
State Mnemonic Code

4 MIN 0,0,0,0,0,1,0,0

Flags Sl !HlVlN|C|
No change
No change
No change
No change
No change
= Nochange

i

Qz<mN®
I

Note : Basically, there is no instruction for changing from minimum to maximum mode.
However, if it is absolutely necessary, execute either of the following two ways.

(1) PUSH SR
SET 3,(XSP+1)
POP SR

(2) SWI n SET 3,(XSP+1) | Ataddress 8000H+nXxX4H
L_/Rfim (n=0t07)
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_MINCl num, dst

< Modulo Increment1 >

Operation : if (dst mod num) = (num—1) then dst «dst— (num—1) else dst «-dst+1.

Description : When the modulo num of dst is num—1, decrements dst by num—1.
Otherwise, increments dst by 1. Used to operate pointers for cyclic memory
table .

Details

State Mnemonic Code
Byte Word Long word
- 8 - MINC1 #,1 1,1,0,1 1| |r,
°|°|1|1|1|°|°|°
#<T.0> -1
#<15:8>

Note : The operand # must be 2 to the nth power. (n = 1 to 15)

Flags : 8 H

V N C

I—I—l—

I I

OZ<1me/J
I

Il

Execution example:

No change
No change
No change
No change
No change
No change

Increments the IX register by cycling from 1200H to 1207H.
MINC1 8,IX

When the IX register = 1206H, execution sets the IX register to
1207H. Further execution decrements the IX register by 8—1 and sets

the IX register to 1200H, since the IX register modulo 8 = 8 —1.

Address 1200H

Address 1207H
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MINC2 num, dst

< Modulo Increment 2 >

Operation : if (dst mod num) = (num—2) then dst < dst— (num—2) else dst <« dst+2.

Description : When the modulo num of dst is num—2, decrements dst by num —2.
Otherwise, increments dst by 2. Used to operate pointers for cyclic memory
table.

Details

State Mnemonic Code
Byte Word Long word
- 8 - MINC2 #,1 1,1,01,1] |r,
0101111|1|0|0|1
#<T1:0> —2
#<15:8>
Note : Theoperand # must be 2 to the nth power. (n = 2t015)
Flags : § Z H V N C

l-T-1-1-1-]

S = Nochange

Z = Nochange
H = Nochange
V = Nochange
N = Nochange
C = Nochange

Execution example: Increments the IX register by cycling from 1230H to 1237H.
MINC2 8,IX
When the IX register = 1234H, execution sets the IX register to
1236H. Further execution decrements the IX register by 8 —2 and sets
the IX Register to 1230H, since the IX register modulo 8 = 8 —2.

Address 1230H

Address 1237H
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MINC4 num, dst

< Modulo Increment 4 >

Operation : if (dst mod num) = (num—4) then dst < dst— (num—4) else dst < dst+4.

Description : When the modulo num of dst is num —4, decrements dst by num —4.
Otherwise, increments dst by 4. Used to operate pointers for cyclic memory
table.

Details

State Mnemonic Code
Byte Word Long word
- 8 - MINC4 #,1 1,1,0,1,1} /r
01011|1|1|°|1|°
#<T7:0> -4
#<15:8>

Note : The operand # must be 2 to the nth power. (n = 3 to 15)

Flags : 8 H V N C
|—|—|—|-|—|—|
= Nochange
No change
No change
No change
No change
No change

Il

Qz<mN®
Il

Execution example: Incrementsthe IX register by cycling from 1240H to 127FH.
MINC4 40H,IX
When the IX register = 1278H, execution sets the IX register to
127CH. Further execution decrements the IX register by 40H—4 and
sets the IX register to 1240H, since the IX register modulo 40H =
40H—4.

T N

Address 1240H

s 00 e

Address 127FH

L~
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MIRR dst

< Mirror >

Operation : dst<MSB:LSB><«dst<LSB:MSB>

Description : Mirror-exchanges the contents of dst using the bit pattern image.
Details
State Mnemonic Code
Byte Word Long word
- 4 - MIRR r 1,1,0,1,1]

0,0,0,1,0,1,1,0

Flags H V N C
I—I-I—I—I—I-I
= Nochange
No change
No change
No change
No change
= Nochange

1

OZ<1ENUJ
I

Execution example: MIRR HL
When the HL register = 0001 0010 0011 0100B (binary), execution sets
the HL register to 0010 1100 0100 1000B (binary).

1514 13 12 11 10 9 8 6.5 4 3 2
[oJoJo[1]oJo]1 ofofo[1]1]o]1 0 0] HLregister (before execution)

HL register (after execution)
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MUL dst, src

< Multiply >

Operation : dst <« dst<lower half> Xsrc (unsigned)

Description : Multiplies unsigned the contents of lower half of dst by those of src and loads

the result to dst.
Details
State Mnemonic Code
Byte Word Long word
18 26 - MUL RR,r 1,1 0]z[1] | r
0,1,0,0,0] R,
18 26 - MUL 1T, # 1,1,0]z]1] |r,
0,0,0,0,1,0,0,0
# <T7:0>
# <15:8>
18 26 - MUL RR, (mem) 1[m[o]z|/mmmm
0,1,0,0,0f R,
Note : When the operation is in bytes, dst (word) < dst (byte) Xsrc (byte).
When the operation is in words, dst (long word) < dst (word) X src (word).
Match coding of the operand dst with the size of the result.
Flags : H V N C
S = Nochange
Z = Nochange
H = Nochange
V = Nochange
N = Nochange
C = Nochange

Execution example:

MUL XIX,IY

When the IX register = 1234H and the IY register = 89ABH,
execution multiplies unsigned the contents of the IX register by those of
the IY register and sets the XIX register to 09C9FCBCH.
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Note : “RR”forthe MUL RR,r and MUL RR,(mem) instructions is as listed below:

Operation size in words

%%iﬁ:'inssé?fsﬁz;b&téf (32bits « 16bits x 16bits)
RR Code R RR Code R
WA 001 XWA 000
BC 011 XBC 001
DE 101 XDE 010
HL 111 XHL 011

"""" x N T Uxix ] 000
Y Specifica- XIY 101
tion not
1z possiblel Xiz 110
5P XSP 111

*1  When the CPU isin minimum mode, XWA,
XBC, XDE, or XHL cannot be used.

“rr” for the MUL rr,# instruction is as listed below.

Operation size in bytes Operation size in words
(16bits «— 8bits x 8bits) (32bits « 16bits x 16bits)
rr Code r rr Code r
WA 001 XWA 000
BC 011 XBC 001
DE 101 XDE 010
HL 111 XHL 011
T cH:roH | [T xx | 100 |
0% C7H : F4H X1y 101
4 C7H : F8H Xiz 110
5P C7H : FCH XSP 1M1
Istbyte  2nd byte *3  When the CPU is in minimum mode,
*2  Any other word registers can be ., XWA, XBC, XDE, or XHL cannot be used.
specified in the same extension 4 Any otherlong word registers can be
specified in the extension coding.

coding as those for IX to SP.
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MULA dst

< Multiply and Add >
Operation : dst<dst+ (XDE) X (XHL), XHL «XHL—-2

Description : Multiplies signed the memory data (16 bits) specified by the XDE register by
the memory data (16 bits) specified by the XHL register . Adds the result (32
bits) to the contents of dst (832 bits) and loads the sum to dst (82 bits). Then,
decrements the contents of the XHL register by 2.

Details
State Mnemonic Code
Byte Word Long word
- 31 - MULA rr 1,1,0,1,1| | r,
0,0,0,1,1,0,0,1
Note : Match coding of the operand dst with the operation size (long word).
Flags : 8§ Z H V N ¢C
Lele[-T+[-1-]

S = MSB value of the result is set.

Z = 1isset when the result is 0, otherwise 0.

H = Nochange.

V = 1issetwhen an overflow occurs as a result, otherwise 0.

N = Nochange.

C = Nochange.

Execution example: MULA XIX

Under the following conditions, execution sets the XIX register to
4795FCBCH and the XHL register to 1FEH.

Conditions: XIX register = 50000000H
XDE register = 100H
XHL register = 200H
Memory data (word) at address 100H = 1234H
Memory data (word) at address 200H = 89ABH

% 89AB (XHL)
T)«——— 5000 0000 | XIXregister
4795 FCB C | XIXregister
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MULS dst, src

< Multiply Signed >

Operation : dst <« dst<lower half> Xsrc (signed)

Description : Multiplies signed the contents of the lower half of dst by those of sr¢ and

loads the result to dst.
Details
State Mnemonic Code
Byte Word Long word
18 26 - MULS RR,r 1,1,0]z]1] |r,
0,1,00,1] R,
18 26 - MULS T, # 1,1,0[z]1] |r,
OIOIO|O|1|01011
#<7:0>
# <15:8>
18 26 - MULS RR, (mem) t[m[o]z|mmmm
0,2,0,0/1] | R,
Note : When the operation is in bytes, dst(word) < dst (byte) X src (byte).
When the operation is in words, dst (long word) < dst (word) X src(word).
Match coding of the operand dst with the size of the result.
Flags : 8 H V N C
S = Nochange
Z = Nochange
H = Nochange
V = Nochange
N = Nochange
C = Nochange

Execution example:

MULS XIX,IY

When the IX register = 1234H and the IY register = 89ABH,
execution multiplies signed the contents of the IX register by those of
the IY register and sets the XIX register to F795FCBCH.
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Note : “RR” for the MULS RR,r and MULS RR,(mem) instructions is as listed below:

Operation size in bytes Operation size in words

(16bitse-8bits x 8bits) (32bits«<—16bits x 16bits)
RR Code R RR Code R
WA 001 XWA 000
BC 011 XBC 001
DE 101 XDE 010

______ LS LU L xHe e ]
IX XiX 100
Iy Specifica- XIY 101
tion not

1z possible! Xz 110
SP XSP 111

*1 When the CPU isin minimum mode, XWA,
XBC, XDE, or XHL cannot be used.

“rr” for the MULS rr,# instruction is as listed below.

Operation size in bytes Operation size in words
(16bitse—8bits x 8bits) (32bitse—16bits x 16bits)
rr Code r " Code r
WA 001 XWA 000
BC 011 XBC 001
DE 101 XDE 010
LS N L | . XHL o]
IX C7H : FOH XIX 100
Y C7H : F4H XY 101
V4 C7H : F8H Xz 110
SP C7H @ FCH XSP 111
Istbyte 2nd byte *3 \)/(\ghcer;(chEe CP;J(LsLin mini[c'nbum m%de, XWA,
* . . ,or cannot be used.
* Gaedithe e riorion "4 Anytbstlong word rgistersconbe

coding as those for IX to SP.
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NEG dst

< Negate >
Operation : dst«-0—dst
Description : Decrements 0 by the contents of dst and loads the result to dst.
(Twos complement)
Details
State Mnemonic Code
Byte Word Long word
5 5 - NEG r 11,0[z]1] |r,
0|0|0|0|0|111|1
Flags : S Z H V N ¢
I * | * } * l * I 1 *

S = MSB value of the result is set.

Z = 1issetwhen theresultis0, otherwise 0.

H = 1isset when aborrow from bit 3 to bit 4 occurs as a result, otherwise 0.

V = 1lisset when an overflow occurs as a result, otherwise 0.

N = 1lisset.

C = 1issetwhen aborrow from the MSB occurs as a result, otherwise 0.

Execution example: NEG IX
When the IX register = 0002H, execution sets the IX register to
FFFEH.

0000 | (Fixed)

®=<— 0002 | Xregister

FFFE IX register
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NOP

<No Operation>

Operation : None.

Description : Does nothing but moves execution to the next instruction. The object code of
this instruction is 00H.

Details :
State Mnemonic Code

2 NOP 0,0,0,0,0,0,0,0

Flags : s H V N C
|—|—l—|—l—|—|
No change
No change
No change
No change
No change
No change

Il

Qz<mN®
Il
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Operation : SYSM bit «0

Description : Resets the SYSM bit in status register to 0 and changes the CPU to normal
mode.

Details
State Mnemonic Code

4 NORMAL 0,0,0,0,0,0/0,1

Flags : s H V N C
I—I—I—I—I—I—I

= Nochange

= Nochange

= Nochange

= Nochange

= Nochange

= Nochange

Qz<mN®

Note : Basically, only the software interrupt (SWI) instruction changes the mode from
normal to system by software. The following change the mode:

(1) SWI

(2) Privilege violation interrupt
(3) Illegal instruction interrupt
(4) Hardware interrupt

(5) Reset

The SWI instruction is used to change the mode to system in the middle of program
execution, as shown below.

SWI n SET 7,(XSP+1) | At address 8000H+nXx10H
L. — rem (n=0to7)
| J

!
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OR dst, src
< Logical OR >
Operation dst<dst OR src
Description Ors the contents of dst with those of src and loads the result to dst.
(Truth table)
A B A OR B
0 0 0
0 1 1
1 0 1
1 1 1
Details
State Mnemonic Code
Byte Word Long word
4 4 7 OR R,r 1]1|z|z|1 LT
1,1,1,0,0] R,
4 4 7 OR r, # 1|1|zlz|1| LT
111IOI01111I110
#<7:0>
#<15:8>
#<23:16>
#<31:24>
4 4 6 OR R, (mem) llmlzlzlm m,m m
1,1,1,0,0] R,
6 6 10 OR (mem), R 1m|z,2z[mmmm
1,1,1,0,1} R,
7 8 — OR<W> (mem), # 1|m|0lzlmlmlm|m

0,0,1,1,1,1,1,0

#<T7:0>

#<15:8>
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Flags : S Z H V N ¢C
[+ [-lof[-[o]o]

It

MSB value of the result is set.

1 is set when the result is 0, otherwise 0.

= Qisset.

1 is set when the parity (number of 1s) of the result is even, 0 when odd.
When the operand is 32-bit, an undefined value is set.

Cleared to 0.

Cleared to 0.

Qz <@EpN®
I

Execution example: OR HL,IX
When the HL register = 7350H and the IX register is 3456H, execution
sets the HL register to 7756 H.

0111 0011 0101 0000 < HL register (before execution)
OR ) 0011 0100 0101 0110 <« IXregister (before execution)
0111 0111 0101 0110 <« HL register (after execution)
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ORCF num, src

< ORCarry Flag >

Operation : CY «<CY OR src<num>
Description : Ors the contents of the carry flag with those of bit num of src and loads the
result to the carry flag.
Details :
State Mnemonic Code
Byte Word Long word
4 4 - ORCF #4,r 1]1|0Jz[1| LT
0,0,1,0,0,0,0,1
0 | 0 | 0,0 | # 14
4 4 - ORCF Ar 1,10,0[z|1] | r,
0,0,1,0,1,0,0,1
8 - - ORCF #3, (mem) 1[m|1,1|mmmm
1,0,0,0,1] #3
8 - - ORCF A, (mem) 1[m[1,1[mmmm
0,0,1,0,1,0,0,1
Note : When bit num is specified by the A register, the value of the lower 4 bits of the A

register is used as bit num. When the operand is a byte and the value of the lower
bits of bit num is from 8 to 15, the result is undefined.

flag : Z H V N C
I -[-1-1-[-]
= Nochange

No change

No change

‘No change

No change

= The result of or-ing the contents of the carry flag with those of bit num of src
is set.

I

OZ<1:DNCD
Il

Execution example: ORCF 6, (100H)
When the contents of memory at address 100H = 01000000B (binary)
and the carry flag= 0, execution sets the carry flag to 1.
76543210
[o]1]o]o]o]o]o]o] Address 100

(0R)<-[0]  Carry flag (before execution)
E] Carry flag (after execution)
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PAA dst
< Pointer Adjust Accumulator >
Operation if dst <LSB> =1 thendst «dst+1
Description Increments dst by 1 when the LSB of dst is 1. Does nothing when the LSB of
dstis 0.
Used to make the contents of dst even. With the TLCS-900 series, when
accessing 16- or 32-bit data in memory, if the data are loaded from an address
starting with an even number, the number of bus cycles is 1 less than that of
the data loaded from an address starting with an odd number.
Details
State Mnemonic Code
Byte Word Long word
- 4 4 PAA T llllzlz|1| LT
0,0,0,1,0,1,0,0
Flags H V N C

S = Nochange

Z = Nochange

H = Nochange

V = Nochange

N = Nochange

C = Nochange

Execution example: PAA XIZ

When the XIZ register = 00234567H, execution increments the XIZ
register by 1 so that it becomes 00234568H.
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POP dst

<Pop >

Operation : dst <« (XSP+)[Inbytes : dst<—(XSP), XSP<XSP+1
In words : dst«~(XSP), XSP«XSP+2
Inlong words : dst«—(XSP), XSP<XSP+4

Description : First loads the contents of memory address specified by the stack pointer
XSP to dst. Then increments the stack pointer XSP by the number of bytes
in the operand.

Details
State Mnemonic Code
Byte Word Long word
4 - - POP F [0,0,0,1,1,0,0,1]
4 - - POP A [0,0,0,1,0,1,01]
- 4 6 poP R [o,1,0]s[t] R, |
6 6 8 POP r 1|1|z|z!1| LT
‘ 0,0,0,0,0,1,0,1
6 6 — POP<W> (mem) 1\m|1lllm|mmm
0,0,0,0,0,1]z]0
Flags : S 2 H vV N ¢C
S = Nochange
Z = Nochange
H = Nochange
V = Nochange
N = Nochange
C = Nochange

(Note) Executing POP F changes all flags.
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Execution example: POP IX
When the stack pointer XSP = 0100H, the contents of address 100H
= 56H, and the contents of address 101H = 78H, execution sets the
IX register to 7856H and the stack pointer XSP to 0102H.

Memory
IX register e
T T 56 Address 100H (stack pointer before execution)

78 Address 101H
Address 102H (stack pointer after execution)
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POP SR

< Pop SR >

Operation : SR« (XSP+)

Description : Loads the contents of the address specified by the stack pointer XSP to status
register. Then increments the contents of the stack pointer XSP by 2.

Details
State Mnemonic Code
Byte Word Long word
- 6 - POP SR 0,0,0,0,0,0,1,1

Flags : 8 2z H V N ¢C

S =
7 =
H =
v = ¢ Contents of the memory address specified by the stack pointer XSP are set.
N =
C =
Note : The timing for executing this instruction is delayed by several states than that for

fetching the instruction. This is because an instruction queue (4 bytes) and
pipeline processing method is used.

Note, when changing from the system area to the normal area using this
instruction, that the access area of the instruction code immediately after this
instruction is used as the access area before execution of this instruction. The
figure below is an example.

POP SR
Instruction 1 System area

Instruction 2

Normal area
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PUSH SR

<Push SR>

Operation : (—XSP)«SR

Description : Decrements the contents of the stack pointer XSP by 2. Then loads the
contents of status register to the memory address specified by the stack
pointer XSP.

Details
State Mnemonic Code
Byte Word Long word

- 4 - PUSH SR 0,0,0,0,0,0,1,0

Flags : SIZ|H|V N|C
== | — | =
= Nochange
= Nochange
= Nochange
No change
= Nochange
= Nochange

azZ<4EN®
I
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PUSH src

< Push >

Operation : (—XSP) «src In bytes : XSP«XSP—1, (XSP)«src
In words : XSP«XSP—2, (XSP)<«src
In long words : XSP<«XSP —4, (XSP)<«src

Description : Decrements the stack pointer XSP by the byte length of the operand.
Then loads the contents of src to the memory address specified by the stack

pointer XSP.
Details
State Mnemonic Code
Byte Word Long word
3 - - PUSH F [0,0,0,1,1,0,0,0]
3 - - PUSH A 0,0,0,1,0,1,0,0]
- 3 5 PUSH R [0,0,1]s[1] R, |
5 5, 7 PUSH r 1,1]z,2[1] r|
010l0|01011[0|0
4 5 - PUSH<W> # 0,0,0,0,1,0]z]1
#<T7:0>
#<15:8>
7 7 - PUSH<W> (mem) 1m[o]z|mmmm
0,0,0,0,0,1,0/0
Flags : S H V N C
S = Nochange
Z = Nochange
H = Nochange
V = Nochange
N = Nochange
C = Nochange
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Execution example: PUSH HL
When the stack pointer XSP = 0100H and the HL register = 1234H,
execution changes address 00FEH to 34H, address 00FFH to 12H, and
sets the stack pointer XSP to 00FEH.

Memory

HL register
N

7 ] ]

34 Address OFEH (stack pointer after execution)
12 Address OFFH
Address 100H (stack pointer before execution)
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RCF

< Reset Carry Flag >

Operation : CY «0

Description : Resets the carry flag to 0.

Details :
State Mnemonic Code

2 RCF 0,0,0,1,0,0,0,0

Flags H V N C
I—I—IOI—IOIOI

No change
No change
Reset to 0.
Reset to 0.
No change
Reset to 0.

Qz<<mN®m
(I | T T
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RES num, dst

< Reset >
Operation : dst <num> < 0
Description : Resets bit num of dst to 0.
Details
State Mnemonic Code
Byte Word Long word
4 4 - RES #4,r 1,1,0[z[1] |r,
0,0,1,1,0,0,0,0
0,0,0,0] 4#,4,
8 - - RES #3, (mem) 1[m|1,1[mmmm
1|0|1|1]0 1#31
Flags : 8§ H V N C
S = Nochange
Z = Nochange
H = Nochange
V = Nochange
N = Nochange
C = Nochange

Execution example: RES 5, (100H)
When the contents of memory at address 100H = 00100111B (binary),
execution sets the contents to 00000111B (binary).

43210
|0|1|1[1|Address100

|_Ol_lLoads
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RET condition

< Return >
Operation : Inminimummode : Ifccis true, then the 16-bit PC « (XSP),
XSP «—XSP + 2.
In maximum mode: Ifccis true, then the 32-bit PC « (XSP),
XSP «XSP + 4.
Description : Pops the return address from the stack area to the program counter when the

operand condition is true.

Details
State Mnemonic Code
9 (minimum mode) RET 0,0,0,0,1,1,1,0
11 (maximum mode)
12 (ccis true, in minimum mode) RET cc 1,0,1,1,0,0,0,0
14 (ccis true, in maximum mode) 1,1,1,1 [ec
6 (ccisfalse)
Flags H V N
S = Nochange
Z = Nochange
H = Nochange
V = Nochange
N = Nochange
C = Nochange

Execution example: RET
When the stack pointer XSP = 0FEH and the contents of memory at
address OFEH = 9000H (word data) in minimum mode, execution sets
the stack pointer XSP to 100H and jumps (returns) to address 9000H.
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RETD num

< Return and Deallocate >

Operation : In minimum mode : 16-bit PC « (XSP), XSP « XSP+2, XSP « XSP+num
In maximum mode : 32-bit PC « (XSP), XSP « XSP+4, XSP « XSP+num

Description : Pops the return address from the stack area to the program counter. Then
increments the stack pointer XSP by signed num.

Details
State Mnemonic Code

9 (minimum mode) RETD d16 0,0,0/0,1,1,1,1
11 (maximum mode) d<7:0>
d<15:8>

Flags : 8 H V N C
i-l—l—l-l-l-l
No change
No change
No change
No change
= Nochange
No change

OZ<1ENU3
I

Execution example: RETD 8

When the stack pointer XSP = 0FEH and the contents of memory at
address OFEH = 9000H (word data) in minimum mode, execution sets
the stack pointer XSP to OFEH + 2 + 8 — 108H and jumps (returns) to
address 9000H.

Usage of the RETD instruction is shown below. In this example, the 8-
bit parameter is pushed to the stack before the subroutine call. After
the subroutine processing complete, the used parameter area is deleted
by the RETD instruction.

PUSH WA SAMPLE: :

PUSH BC :

PUSH XIX :

CALL SAMPLE RETD 8
. £ —
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RETI

< Return from Interrupt >

Operation : Inminimummode : 2-byte Temp « (XSP), 16-bit PC « (XSP+2),
SR <« Temp, XSP « XSP+4

In maximum mode : 2-byte Temp « (XSP), 32-bit PC « (XSP+2),
SR «Temp, XSP « XSP+6

Description : Pops data from the stack area to the 2-byte Temp register and program
counter. Next, loads the contents of the Temp register to status register.

Note : The reason that data is not popped to status register directly from the stack
area is to avoid changing the mode from normal to system while reading the
stack area where the RETI instruction is being executed.

Details :
State Mnemonic Code

12 (minimum mode) RETI 0,0,0,0,0,1,1,1
14 (maximum mode)

Flags : 8§ Z H V N C
« [ e [-]

S The value popped from the stack area is set.
Z The value popped from the stack area is set.
H The value popped from the stack area is set.
V = The value popped from the stack area is set.
N
C

The value popped from the stack area is set.
The value popped from the stack area is set.
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RL num, dst

< Rotate Left >

Operation : {CY & dst « left rotates the value of CY & dst} Repeat num

Description : Rotates left the contents of the linked carry flag and dst.
Repeats the number of times specified in num.

Description figure:

dst
‘4 CY |«—{MSB < LSB |«

Details :
State Mnemonic Code

Byte Word Long word
6 6 8 RL #4,r 1,1z, 2]1] |r,
+2n +2n +2n 1,1,1,0,1,0,1,0
0,0,0/0f #,4,
6 6 8 RL A,r llllzlzlll LT
+2n +2n +2n 1,1,1,1,1,0,1,0
8 8 - RL <W>  (mem) 1[m]o]z|mmmm
0l1|1|1[1|0]1l0

Note: When the number of rotates is specified by the A register, the value of the lower 4 bits
of the A register is used. Specifying 0 rotates 16 times.
When dst is memory, rotating is performed only once.

Z H V N C
[+ Jol=Jof[x]
= MSB value of dst after rotate is set.
= 1isset when the contents of dst after rotate is 0, otherwise 0.
Reset to 0.
1 is set when the parity (number of 1s) of dst is even after rotate, otherwise
0. If the operand is 32 bits, an undefined value is set.
Reset to 0.
= The value after rotate is set.

S
*
S
Z
H
v
N
C

Execution example: RL 4,HL
When the HL register = 6230H and the carry flag = 1, execution sets
the HL register to 230BH and the carry flag to 0.
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RLC num, dst

< Rotate Left without Carry >

Operation : {CY<«dst <MSB>, dst< left rotate value of dst} Repeat num

Description : Loads the contents of the MSB of dst to the carry flag and rotates left the
contents of dst. Repeats the number of times specified in num.

Description figure :
dst

| CY |« {MSB <« LSB |«

Details :
State Munemonic Code
Byte Word Long word
6 6 8 RLC #4,r 11]z,z]1] x|
+2n +2n +2n 1,1,1,0,1,0,0,0
0,0,0,0] ;#,4,
6 6 8 RLC A, r llllz[z[1| Ex
+2n +2n +2n 1,1,1,1,1,0,0,0
8 8 - RLC <W> (mem) 1[m|o|z|mmmm
011|1|1|1|01010
Note : When the number of rotates is specified by the A register, the value of the lower 4
bits of the A register is used. Specifying 0 rotates 16 times.
When dst is memory, rotating is performed only once.
Flags Z H V N C

[« Jof*fof=]
= MSB value of dst after rotate is set.

S

*

S

Z 1 is set when the contents of dst after rotate is 0, otherwise, 0.
H = ResettoO.
v

N

C

Il

= 1 is set when the parity (number of 1s) of dst is even after rotate. If the
operand is 32 bits, an undefined value is set.

Reset to 0.

MSB value of dst before the last rotate is set.

I

Execution example: RLC 4,HL
When the HL register = 1230H, execution sets the HL register to
2301H and the carry flag to 1.
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Operation

Description

Description figure :

RLD dstl, dst2

< Rotate Left Digit >

dstl <3:0>«dst2<T7:4>,dst2<T:14>« dst2<3:0>,
dst2<3:0>«dstl <3:0>

Rotates left the lower 4 bits of dst1 and the contents of dst2 in units of 4 bits.

dstl | dst2 -

e 0] 7, (4]8, 0]
Details
State Mnemonic Code
Byte Word Long word
12 — - RLD [A,] (mem) 1|ni0|0|m|melm
0I0¢010I0I1I1l0
Flags : S Z H V N C
L-l+Jof-fo]-]
S = MSB value of the A register after rotate is set.
Z = 1is set when the contents of the A register after the rotate are 0, otherwise
0.
H = ResettoO.
V = 1 is set when the parity (number of 1s) of the A register is even after the
rotate, otherwise 0.
N = Resetto0.
C = Nochange

Execution example: RLD A, (100H)

When the A register = 12H and the contents of memory at address
100H = 34H, execution sets the A register to 13H and the contents of
memory at address 100H to 42H.
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RR num, dst
< Rotate Right >
Operation : {CY & dst < right rotates the value of CY & dst} Repeat num
Description : Rotatesright the linked contents of the carry flag and dst.
Repeats the number of times specified in num.
Description figure: L dst
[MsB - LsB I—»
Details :
State Mnemonic Code
Byte ‘Word Long word
6 6 8 RR #4,r 1,1]z,2[1] | r|
+2n +2n +2n 1,1,1,0,1,0,1,1
0,0,0,0] (#,4,
6 6 8 RR Ar 1,1z, 2[1] |r
+2n +2n +2n 1,1,1,1,1,0,1,1
8 8 - RR <W> (mem) 1|m|0|z|m|m|m|m
0|1|1]111|0!1I1
Note : When the number of rotates is specified by the A register, the value of the lower 4
bits of the A register is used. Specifying 0 rotates 16 times.
When dst is memory, rotating is performed only once.
Flags Z H V N C

[* Lo f*]o]x]
= MSB value of dst after rotate is set.
= 1isset when the contents of dst after rotate is 0, otherwise 0.

= 1 is set when the parity (number of 1s) of dst is even after the rotate,

otherwise 0. If the operand is 32 bits, an undefined value is set.
Reset to 0.
The value after rotate is set.

S
*
S
Z
H = ResettoO.
v
N
C

Execution example: RR 4, HL

When the HL register = 6230H and the carry flag = 1, execution sets

the HL register to 1623H and the carry flag to 0.
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RRC num, dst

< Rotate Right without Carry >

Operation : {CY<«dst <LSB>, dst < rightrotate value of dst} Repeat num

Description : Loads the contents of the LSB of dst to the carry flag and rotates the contents
of dst to the right. Repeats the number of times specified in num.

Description figure:

L dst
IMSB_— LSB |—1l-[cY]

Details :
State Mnemonic Code
Byte Word Long word
6 6 8 RRC #4,r 1,1]z,2]|1] |r,
+2n +2n +2n 1,1,1,0,1,0,0,1
0,0,0,0] ,#,4,
6 6 8 RRC A,r 1, 1]z 2]1] |r,
+2n +2n +2n 1,1,1,1,1,0,01
8 8 - RRC <W> (mem) 1[m|o|z{mmmm
01111|111|0|011
Note : When the number of rotates num is specified by the A register, the value of the
lower 4 bits of the A register is used as the number of rotates.
Specifying 0 rotates 16 times. When dst is memory, rotating is only once.
Flags Z H V N ¢C

[« lol*lolx]
= MSB value of dst after rotate is set.

S

*

S

Z = 1issetwhen the contents of dst after rotate is 0, otherwise 0.
H = ResettoO.
v
N
C

= 1 is set when the parity (number of 1s) of dst is even after rotate, otherwise
0. If the operand is 32 bits, an undefined value is set.

Reset to 0.

MSB value of dst before the last rotate is set.

Execution example: RLC 4, HL
When the HL register = 1230H, execution sets the HL register to
0123H and the carry flag to 0.
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RRD dstl, dst2

< Rotate Right Digit >

Operation : dstl1<3:0><«dst2<3:0>,dst2<7:4>«dst1<3:0>,
dst2<3:0> «dst2<7:4>

Description : Rotates right the lower 4 bits of dstl and the contents of dst2 in units of 4

bits.
Description figure : dstl L dst2 l
17, | 14]3) 0] ENEER 0]
Details
State Mnemonic Code
Byte ‘Word Long word
12 - - RRD  [A](mem) 1m0, 0/mmmm
0,0,0,0,0,1,11

Flags Z H V N C

Lel-Jof[-Jo]-]
= MSB value of the A register after rotate is set.
= 1isset when the contents of the A register after rotate is 0, otherwise 0.

S
S
Z
H = Resetto0.
v
N
C

= 1 is set when the parity (number of 1s) of the A register is even after rotate,
otherwise 0.

= Reset to0.

= Nochange

Execution example: RRD A, (100H)
When the A register = 12H and the contents of memory at address
100H = 34H, execution sets the A register to 14H and the contents of
memory at address 100H to 23H.
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SBC dst, src

< Subtract with Carry >

Operation : dst<dst—src—CY
Description : Subtracts the contents of src and the carry flag from those of dst, and loads
the result to dst.
Details
State Mnemonic Code
Byte Word Long word
4 4 7 SBC R,r 1,1]z2]1] |r,
1,0, 1 | 1 0 [RI
4 4 7 SBC T, # llllzlzlll 1T
1[1|0|0l1|0|1l1
#<T7:0>
#<15:8>
#<23:16>
#<31:24>
4 4 6 SBC R, (mem) 1|m|z|z|m m m m
1,0,1,1,0] R
6 6 10 SBC (mem), R 1Im|z|z|m m mm
1,010,101} R,
7 8 - SBC<W> (mem), # 1[m]ofz|mmmm
0|0[1|1|1]O|1|1
#<T:0>
#<15:8>
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Flags : § Z H V N C

1 is set when the result is 0, otherwise 0.

1 is set when a borrow from bit 3 to bit 4 occurs as a result, otherwise 0.
When the operand is 32 bits, an undefined value is set.

= 1isset when an overflow occurs as a result, otherwise 0.

Lelef-]-]a]-]

S = MSB value of the result is set.
7 =

H =

Vv =

N = 1lisset.

C =

Execution example: SBC HL,IX

1 is set when a borrow from the MSB occurs as a result, otherwise 0.

When the HL register is 7654H, the IX register = 5000H, and the carry

flag = 1, execution sets the HL register to 2653H.

7654

2653

HL register

IX register

Carry flag

HL register
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SCC condition, dst

< Set Condition Code >

Operation : Ifccistrue, then dst < 1 else dst « 0.

Description : Loads 1 to dst when the operand condition is true; when false, 0 is loaded to
dst.

Details
State Mnemonic Code
Byte Word Long word
6 6 - SCC ce, T 1,1,0[z][1] |r,
0)1,1,1] jejey

Flags : S Z H V N C
= 1-1-1-1-]

= Nochange

= Nochange

No change

No change

No change

No change

QzZ<<mN®
H

Execution example: SCC OV, HL
When the contents of the V flag = 1, execution sets the HL register to
0001H.
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SCF

< Set Carry Flag >

Operation : CY <1

Description : Sets the carry flagto 1.

Details :
State Mnemonic Code

2 SCF 0,0,0,1,0,0,0,1

Flags H V N C
I—I—IOI—LOIII

No change

No change
Reset to 0.

= Nochange

Reset to 0.

Setto 1.

OZ<1ZNU3
f

Il
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SET num, dst

< Set >
Operation : dst <num> «1
Description : Setsbitnum of dstto 1.
Details
State Mnemonic Code
Byte Word Long word
4 4 - SET #4,r 1,1,0]z]1] |r
0,0,1,1,0,0,0,1
0,0,0,0] #,4,
8 - - SET #3, (mem) 1[m|1,1[mmmm
1,0,1,1,1] #3
Flags H V N C
S = Nochange
Z = Nochange
H = Nochange
V = Nochange
N = Nochange
C = Nochange

Execution example: SET 5, (100H)
When the contents of memory at address 100H = 00000000B (binary),
execution sets the contents of memory at address 100H to 00100000B
(binary).

76543210
[o]o] JoJoJo]o o] Address 100H

Loads
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SLA num, dst

< Shift Left Arithmetic >
Operation : {CY « dst<MSB>, dst « left shift value of dst,
dst<LSB> « 0} Repeat num

Description : Loads the contents of the MSB of dst to the carry flag, shifts left the contents
of dst, and loads 0 to the LSB of dst. Repeats the number of times specified in

num.
dst
Description chart: cY <——lMSB « LSB |« «g»
Details :
State Mnemonic Code
Byte Word Long word
6 6 8 SLA #4,1 1,1]z,2]1] |r
+2n +2n +2n 1|1l1|0 1|1|0|0
0,0,0,0] #,4,
6 6 8 SLA Arx 1,1]z z]1] | r,
+2n +2n +2n 1,1,1,1,1,1,0,0
8 8 — SLA <W> (mem) 1|m|0|z|m|m|m1m
011l11111|1‘010
Note : When the number of shifts, num, is specified by the A register, the value of the
lower 4 bits of the A register is used. Specifying 0 shifts 16 times. When dst is
memory, shifting is performed only once.
Flags Z H V N C

[+ Jof=*To]+]
= MSB value of dst after shift is set.

.
*

S

Z = 1isset when the contents of dst after shift is 0, otherwise 0.
H = ResettoO.
v
N
C

= 1is set when the parity (number of 1s) of dst is even after shifting, otherwise
0. If the operand is 32 bits, an undefined value is set.

= Resetto0.

MSB value of dst before the last shift is set.

Execution example: SLA 4, HL
When the HL register = 1234H, execution sets the HL register to
2340H and the carry flag to 1.
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Operation

Description

SLL num, dst

< Shift Left Logical >

{CY « dst<MSB>, dst « left shift value of dst, dst<LSB> <« 0} Repeat
num

Loads the contents of the MSB of dst to the carry flag, shifts left the contents
of dst, and loads 0 to the MSB of dst. Repeats the number of times specified in
num

dst

Description chart: 4—‘ MSB <« LSB |«— «@~»

Details
State Mnemonic Code
Byte Word Long word
6 6 8 SLL #4,r 1,1]z z]|1] |r|
+2n +2n +2n IILLIIO 11111[0
0 | 0 | 0 | 0 I# | 4 \
6 6 8 SLL Ar 1 1]z2|1] v,
+2n +2n +2n 1,1,1,1,1,1,1,0
8 8 - SLL <W> (mem) 1[mlofz|mmmm
0,1,1,111111110
Note : When the number of shifts, num, is specified by the A register, the value of the
lower 4 bits of the A register is used. Specifying 0 shifts 16 times. When dst is
memory, shifting is performed only once.
Flags Z H V N C

| +

lof=]of+]

S

*

S =
7 =
H:
v

N

C

MSB value of dst after shift is set.

1 is set when the contents of dst after shift is 0, otherwise 0.

Reset to 0.

1 is set when the parity (number of 1s) of dst is even after shifting, otherwise
0. If the operand is 32 bits, an undefined value is set.

Reset to 0.

MSB value of dst before the last shift is set.

Execution example: SLL 4,HL

When the HL register = 1234H, execution sets the HL register to
2340H and the carry flag to 1.
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Operation

SRA num, dst

< Shift Right Arithmetic >

{CY « dst<MSB>, dst < right shift value of dst, dst <MSB> is fixed}
Repeat num

Description : Loads the contents of the LSB of dst to the carry flag and shifts right the

contents of dst (MSB is fixed). Repeats the number of times specified in num.

Description chart: dst

|:!MSBI - LSB }——{cY]

Details :
State Mnemonic Code
Byte Word Long word
6 6 8 SRA #4,r 1,1z, z2]1] |r,
+2n +2n +2n 1[1|110 1|110|1
0,0,0,0] ,#,4,
6 6 8 SRA A,r 1,1]z 2[1] | r
+2n +2n +2n 1,1,1,1,1,1,01
8 8 - SRA <W> (mem) llmIO[zlmlmlmIm
0]1]1[111|1|011
Note When the number of shifts, num, is specified by the A register, the value of the
lower 4 bits of the A register is used. Specifying 0 shifts 16 times. When dst is
memory, shifting is performed only once. ‘
Flags Z H V N C

S

*

S = MSB value of dst after shift is set.

Z = 1issetwhen the contents of dst after shift is 0, otherwise 0.

H = ResettoO.

V = 1isset when the parity (number of 1s) of dst is even after shift, otherwise 0.
If the operand is 32 bits, an undefined value is set.

N = Resetto0.

C = LSB value of dst before the last shift is set.

Execution example: SRA 4,HL

When the HL register = 8230H, execution sets the HL register to
F823H and the carry flag to 0.
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SRL num, dst

< Shift Right Logical >

Operation : {CY <« dst<LSB>, dst < right shift value of dst, dst <MSB> <« 0} Repeat
num

Description : Loads the contents of the LSB of dst to the carry flag, shifts right the contents
of dst, and loads 0 to the MSB of dst. Repeats the number of times specified in

num.
dst
Description chart: “0” MSB — 1LSB }_>| cY l
Details :
State Mnemonic Code
Byte Word Long word
6 6 8 SRL #4,r 1,1z z[1] |r,
+2n +2n +2n 1,1,1,01,1,1,1
0,0,0 0| | #4,
6 6 8 SRL A,x 1,1z 2|1 | r
+2n +2n +2n 1,1,1,1,1,1,1,1
8 8 - SRL<W> (mem) 1|m]0lz|m]mlmlm
011]11111111111
Note : When the number of shifts, num, is specified by the A register, the value of the
lower 4 bits of the A register is used. Specifying 0 shifts 16 times. When dst is
memory, shifting is performed only once.
Flags : 8 Z H V N C

L[+ Jof-Jo]-]

MSB value of dst after shift is set.

1 is set when the contents of dst after shift is 0, otherwise 0.

= Reset to 0.

1 is set when the parity (number of 1s) of dst is even after shift, otherwise 0.
If the operand is 32 bits, an undefined value is set.

= Reset to 0.

= LSB value of dst before the last shift is set.

Qz <EN®
Il

Execution example: SRL 4, HL
When the HL register = 1238H, execution sets the HL register to
0123H and the carry flag to 1.
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STCF num, dst

< Store Carry Flag >

Operation : dst<num><«CY
Description : Loadsthe contents of the carry flag to bit num of dst.
Details
State Mnemonic Code
Byte Word Long word
4 4 - STCF #4,1 1,1, 0]z[1] |r,
0,0,1,0,0,1,0,0
0,0,0,0] #,4,
4 4 - STCF A,x 1,1,0]z[1] | r|
0 O 1 0 1 1 0 0
8 - - STCF #3, (mem) llm|1|1|m m m,m
1,0,1,00[ #3
8 - - STCF A, (mem) 1[m[1 1[mmmm
0|011|0|111|010
Note : When bit num is specified by the A register, the value of the lower 4 bits of the A

register is used. When the operand is a byte and the value of the lower 4 bits of bit
num is from 8 to 15, the operand value does not change.

Flags | |H]V|NlCJ

= Nochange

= Nochange

= No change

No change

= Nochange

= Nochange

Execution example: STCF 5, (100H)
When the contents of memory at address 100H = 00H and the carry
flag = 1, execution sets the contents of memory at address 100H to
00100000B (binary).

76543210
olofofoo]| Address100H

|Jl-l Carry flag

Oz<mNm
Il
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SUB dst, src

< Subtract >

Operation : dst«dst—src
Description : Subtracts the contents of src from those of dst and loads the result to dst.
Details
State Mnemonic Code
Byte Word Long word
4 4 7 SUB R,r 1,1]z,2]1] |r,
1,0,1,0,0] R,
4 4 7 SUB r, # 1,10z 2|1 x|
111[0|0]1[0|110
#<T7:0>
#<15:8>
#<23:16>
#<31:24>
4 4 6 SUB R, (mem) 1m|z z[mmmm
1 | 0 | 1 ]0 ) 0 IRI
6 6 10 SUB (mem), R llmlzlzlm m m;m
1,0,1,0,1} R,
7 8 — SUB<W> (mem), # 1|mIOJz|m[mlmlm
0|0|1]1|1|011[0
#<T:0>
#<15:8>
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Flags : s z H V N ¢

Q]

MSB value of the result is set.

1is set when the resultis 0, otherwise 0.

1 is set when a borrow from bit 3 to bit 4 occurs as a result, otherwise 0.
When the operand is 32 bits, an undefined value is set.

1 is set when an overflow occurs as a result, otherwise 0.

lis set.

1 is set when a borrow from MSB occurs as a result, otherwise 0.

* * *

nn

aZ< TNW®
Il

Execution example: SUB HL,IX
When the HL register = 7654H and the IX register = 5000H,
execution sets the HL register to 2654H.

7654 HL register
O~ 5000 IX register
2654 HL register
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SWI num

< Software Interrupt >

Operation : [Thecaseof 900_CPU]
1) Temp<«SR
2) SYSM bit«1
3) XSP«XSP—4 - in minimum mode
or
XSP«XSP—6 - in maximum mode
4) (XSP)<«Temp
5) (XSP+2)«<-16 bit PC ‘- in minimum mode
or
(XSP+2)«-32 bit PC -:*in maximum mode
6) PC«<8000H + num X 10H
[The case of 900L._CPU]
1) XSP«<XSP—4 --in minimum mode
or
XSP<XSP—-6 - in maximum mode
2) (XSP)«SR
3) (XSP+2)«16bit PC ‘' in minimum mode
or
(XSP+2)<«<-32bit PC ---in maximum mode
4) PC<«—(Address refer to vector + num X 4)
Note: Address refer to vector is defined for each product.
This is defined to 8000H in the first product of TMP93CM40.

Description : [Thecaseof 900_CPU]

After the mode is changed to system mode, the 900_CPU saves to the stack
area the contents of the status register before execution of the SWI
instruction and contents of the program counter which indicate the
address next to the SWI instruction. Finally, jumps to address
8000H +num X 10H.

[The case of 900L_CPU]
Saves to the stack area the contents of the status register and contents of
the program counter which indicate the address next to the SWI
instruction. Finally, jumps to vector is indicated address refer to vector.

Details
State Mnemonic Code

16 (Minimum mode) SWI [#3] 1,1,1,1,1] #3 |

18 (Maximum mode)
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Note 1 : A value from 0 to 7 can be specified as the operand value. When the operand
coding is omitted, SWI 7 is assumed.

Note 2. . The status register structure is as shown below.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
lsysm] 1rF2 [17F1 [ 1FFo [MaX [RFP2[RFP1[RFPO] § [z [0 [ H [0 [ Vv [ N | C |

Flags : H V N C
I—I-I—I—I—I—I
= Nochange
No change
No change
No change
No change
No change

S
VA
H
V:
N
C

I

SWI 5

In minimum mode, when the stack pointer XSP = 100H, the status
register = 0000H, executing the above instruction at memory address
8400H sets the status register to 8000H, writes the contents of the
previous status register 0000H in memory address 00FCH, and the
contents of the program counter 8401H in memory address 00FEH,
then jumps to address 8050H.

memory

[T8a T 01 Jrc 00 | 00 |sR 1
(next address) (value before
execution)
00 OFCH (XSP after
00 OFDH execution)
01 OFEH
84 OFFH
100H (XSP before
execution)
N
. 0]0j0|0[0f(0|0|0|0O|0}0|0]|0|0])0}|0| SR (before
8000 |(Fixed) [o][ofofofo]o]ofojofo[ofo]o0f Iexecumn)
Sets SYS bi 1.
@< 5x10H | (umxtony | *EETIOL
. 110({0}0{0]0}{0{0|0|0|0|0|0[O|0|0]| SR (after
8050 | PC(afterexecution) l I | l I l i | | l I | l I Iexecutlon)
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TSET num, dst

< Test and Set >

Operation : Zflag « inverted value of dst <num>
dst <num> <1

Description : Loadsthe inverted value of the bit num of dst to the Z flag.
Then the bit num of dst is set to “1”.

Details
State Mnemonic Code
byte word long word
6 6 —  TSET #4,r 1,1]z2]1] |r,
111I0L010 IIOIO
10 - - TSET #3, (mem) 1 m[1,1|m|mmm
110I11011I11010
Flags : s z H# v N ¢
[ x[«[1][x[o[-]
S = Anundefined value is set.
Z = The inverted value of the src <num?> is set.
H = Settol
V = Anundefined value is set.
N = Setto0
C = Nochange

Execution example: When the contents of memory at address 100H =00100000B (binary),
TSET 3, (100H) execution sets the Z flag to 1, the contents of memory at
address 100H=00101000B (binary).

7 6 3 2 1 0 .
| 0 | 0 [ ! [ 0 | 0 | 0 | 0 I address 100H (before execution)

Inverted L—> Z flag

I 0 l 0 I 1 I 0 | 1 I 0 | 0 f 0 I address 100H (after execution)

5 4
110
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UNLK dst

< Unlink >

Operation : XSP «dst, dst « (XSP+)

Description : Loads the contents of dst to the stack pointer XSP, then pops long word data
from the stack area to dst. Used paired with the Link instruction.

Details
State Mnemonic Code
Byte Word Long word
0,0,0,0,1,1,0,1
Flags H V N C

|—|—|-l—l—|—|

S = Nochange

Z = Nochange
H = Nochange
V = Nochange
N = Nochange
C = Nochange

Execution example: UNLK XIZ
As a result of executing this instruction after executing the Link
instruction, the stack pointer XSP and the XIZ register revert to the
same values they had before the Link instruction was executed. (For
details of the Link instruction, see page 104)
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XOR dst, src

< Exclusive OR >

Operation : dst<dst XORsrc

Description : Exclusive ors the contents of dst with those of src and loads the result to dst.

(Truth table)

A B A XOR B
0 0 0
0 1 1
1 0 1
1 1 0
Details :
State Mnemonic Code
Byte Word Long word
4 4 7 XOR R,r 1, 1]z, 2]1] | r
1|1[O|1|0 IRI
4 4 7 XOR r, # 1|1|z|z|1[ [T
1|110|0|111|011
#<T7:0>
#<15:8>
#<23:16>
#<31:24>
4 4 6 XOR R, (mem) llmlzlzlm m,;m m
1|1[0|1|0 |R|
6 6 10 XOR (mem), R 1|mlz|zlm m m;m
111[0|1|1 IR.I
7 8 - XOR<W> (mem), # 1m|o[z]mmmm
0|0|1|11111|0l1
#<T.0>
#<15:8>
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Flags : 8 Z H V N C
[+ l-fof-Jofo]
MSB value of the result is set.
= 1isset when the result is 0, otherwise 0.
Reset to 0.
1 is set when the parity (number of 1s) of dst is even as a result, otherwise 0.
If the operand is 32 bits, an undefined value is set.
Cleared to 0.
Cleared to 0.

Qz <mNw®w
I

Execution example: XOR HL,IX
When the HL register = 7350H and the IX register = 3456H,
execution sets the HL register to 4706H.

0111 0011 0101 0000 < HL register (before execution)
XOR) 0011 0100 0101 0110 <« IXregister (before execution)
0100 0111 0000 0110 <« HLregister (after execution)
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XORCF num, src

< Exclusive OR Carry Flag >

Operation : CY <« CY XOR src<num>
Description : Exclusive ors the contents of the carry flag and bit num of src, and loads the
result to the carry flag.
Details
State Mnemonic Code
Byte Word Long word
4 4 - XORCF #4,1 1I1IOIZI1| LT
0,0,1,0,0,0,1,0
0,0,0,0] ;#,4,
4 4 - XORCF  A,r 11,0z v
0101110|1l0|1|0
8 - - XORCF #3, (mem) 1m[1,1|mmmm
1|0|0I110 l#3|
8 - - XORCF A, (mem) 1 m[1,1|mmmm
0,0,1,0,1,0,1,0
Note : When bit num is specified by the A register, the value of the lower 4 bits of the A

register is used. When the operand is a byte and the value of the lower 4 bits of bit
num is from 8 to 15, the result is undefined.

Flags : Z H V N C

= Nochange

No change

No change

No change

No change

The value obtained by exclusive or-ing the contents of the carry flag with
those of bit num of src is set.

]

I

i

OZ<IENCD
I

Execution example: XORCF 6, (100H)
When the contents of memory at address 100H = 01000000B (binary)
and the carry flag = 1, execution sets the carry flag to 0.
76543210
[o]1]o]o]o]o]o]o] Address100H

<_ Carry flag (before execution)
@ Carry flag (after execution)
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ZCF

< Zeroflag to Carry Flag >

Operation : CY «inverted value of Z flag

Description : Loads the inverted value of the Z flag to the carry flag.

Details
State Mnemonic Code

2 ZCF 0,0,0,1,0,0,1,1

Flags : 8 2 H V N C
[l -Ix[-lof~]
No change
No change
An undefined value is set.
No change
Reset to 0.
The inverted value of the Z flag is set.

I

Qz<mNw®
il

Execution example: ZCF
When the Z flag = 0, execution sets the carry flag to 1.

ﬂ Z flag

Inverted

Carry flag
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Appendix B Instruction Lists (1/11)

| Explanation of symbols used in this document

1. Size

B The operand size is in bytes (8 bits)

W The operand size isin word (16 bits)

L The operand size isin long word (32 bits)
2. Mnemonic

R Eight general-purpose registers including 8/16/32-bit current bank registers.
8 bitregister: W, A, B, C, D, E, H, L

16 bit register: WA, BC, DE, HL, IX, Iy, IZ, SP

32 bitregister: XWA, XBC, XDE, XHL, XIX, XIY, XIZ, XSP

r 8/16/32-bit general-purpose registers

cr All 8/16/32-bit CPU control registers
DMAS0~3, DMADO~3, DMACO~3, DMAMO0~3, i

A A register (8 bits)
F Flag registers (8 bits)

F’ Inverse flag registers (8 bits)
SR Status registers (16 bits)
PC Program Counter (in minimum mode, 16 bits; in maximum mode, 32 bits)

(mem) 8/16/32-bit memory data
mem Effective address value

<W> When the operand size is a word, “W" must be specified.
[1] Operands enclosed in square brackets can be omitted.
# 8/16/32-bit immediate data.
#3 3-bitimmediate data: 0to 7 or 1to 8 -+ for abbreviated codes.
#4 4-bitimmediate data: 0to 150r 1to 16
d8 8-bitdisplacement: — 80H~ + 7FH
d16 16-bit displacement: - 8000H~ + 7FFFH

cc Condition code

(#8) Direct addressing : (00H) to (OFFH) -+ 256-byte area
(#16) 64K-byte area addressing : (0000H) to (OFFFFH)

$ A start address of the instruction is located

XNSP exists only in 900 CPU, and INTNEST exists only in 900/L_CPU.
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Appendix B Instruction Lists (2/11)

3. Cord

Z The code crepresent the operand sizes.
byte (8 bit)=0

word (16 bit) =2

long word (32 bit) =4

7 The code represent the operand sizes.
byte (8 bit) =00H *

word (16 bit) = 10H

long word (32 bit) = 20H

4. Flag (SZHVNC)

- Flag doesn’t change.
* Flag changes by executing instruction.
0 Flag is cleared to “0".
1 Flagissetto “1".
P Flag changes by executing instruction (It works as parity flag).
v Flag changes by executing instruction (It works as overflow flag).
X An undefined value is setin flag.
5. Instruction length

Instruction length is represented in byte unit.

+# adds immediate data length.
+M adds addressing code length.
+M adds immediate data length and addressing code length.

6. State

Execution processing time of instruction are shown in order of 8 bit, 16 bit, 32 bit processing in status
unit.

1 state = 100ns @20MHz oscillation
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Appendix B Instruction Lists (3/11)

(1) Load

Group| sjze Mnemonic Codes (hex.) Function  [SZHVNC| ‘(‘E,’,‘,%é? State
BWL |LD R,r C8+zz+r :88+R Rer 0 === 2 4. 4. 4
BWL |LD r,R C8+zz+r :98+R r«<R  |-=--- 2 4. 4. 4
BWL |LD r,#3 C8+zz+r :A8+#3 [ N 2 4. 4. 4
BwWwL (LD R,# 20+zz+R :# Re#  f-==--- 1+# 2. 3.5
BWL (LD r,# C8+zz+r :03:# re# e 2+# 4. 4. 6

LD BWL |[LD R, (mem) 80+zz+mem: 20+R R « (mem)  |------ 2+M (4. 4. 6
BWL |LD (mem),R BO+mem  :40+zz+R |(mem) ¢« R [------ 2tM |4, 4. 6
BW- |LD<W>  (#8) ,# 08+z (H8:# (#8) « #  |---—--- 2+# 6. 6. -
BW- [LD<W>  (mem),# BO+mem  :00+z:# (mem) « #  |------ 2+M# 6. 6.
BW- [LD<W> (#16),{(mem) [80+zz+mem:19:#16 (#16) « (mem) |------ 4+M 8. 8. -
BW- [LD<KW>  (mem),(#16) ([BO+mem  :14+z:#16 |(mem) ¢ (#16) |------ 4+M 8. 8. -
B-- |PUSH F 18 (-XSP) « F |-==--- 1 3. -. -
B-- |PUSH A 14 (-XSP) « A |--=--- 1 3. -. -

PUSH | -WL |[PUSH R 18+zz+R (-XSP) ¢« R |--—--- 1 -. 3.5
BWL |PUSH r C8+zz+r :04 (=XSP) ¢ 0 [==---- 2 5. 5.7
BW- |PUSH<W> # 09+z # (=XSP) « #  |-=---- 1+# 4. 5. -
BW- |PUSH<W> (mem) 80+zz+mem: 04 (-XSP) « (mem)|------ 2+ 7. 7. -
B-- |[POP F 19 F « (XSP+) Fkdokkok ] 4. -. -
B-- |[POP A 15 A € (XSP+)  [------ 1 4. -. -

POP -WL |POP R 38+zz+R R « (XSP+)  |------ 1 -. 4. 6
BWL |POP r C8+zz+r :05 r ¢ (XSP+)  |------ 2 6. 6. 8
BW~ |POP<W> (mem) BO+mem  :04+z (mem) € (XSP+)[------ 2+M  |6. 6. -

LDA -WL [LDA R,mem BO0+mem  :10+zz+R |R ¢ mem = |--=--- 2+M -, 4. 4

LDAR | -WL |[LDAR R,$+4+d16 F3:13:d16:10+zz+R |R « PC+d16  |[------ 5 -.11.11

(2) Exchange

Group| size Mnemonic Codes (hex.) Function SZHVNC| "(ir;,%etg‘ State
B-- |EX F,F’ 16 F o F’ Rk dokok | ] 2. -, -

EX BW- [EX R,r C8+zz+r :B8+R Rer 0 o= 2 5. 5. -
BW- |EX (mem),R 80+zz+mem: 30+R (mem) &« R |------ 2+M 6. 6. -

MIRR -W- |MIRR r D8+r 016 r<0:MSB>¢r<MSB:0> [------ 2 - 4. -
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TOSHIBA TLCS-900
Appendix B Instruction Lists (4/11)
(3) Load Increment/Decrement & Compare Increment/Decrement Size
Group| size Mnemonic Codes (hex.) Function  SZHVNCYERERN|  state
BW- |LDI<W> 83+zz  :10  [(XDE+) ¢ (XHL+) [--OMO- [2 10.10. -
[ (XDE+), (XHL+)] BC = « BC-1
BW- |LDIKW> 85+zz 110 (XIX+) « (XIY+) [--0MO- |2 10.10. -
(XIX+), (XIY+) BC ~ « BC-1
BW- [LDIR<W> 83+zz 111 repeat --000- )2 10.10. -
[ (XDE+), (XHL+)] (XDE+) « (XHL+) ( end )
BC « BC-1 14.14.
until BC=0 (repeat)
BW- [LDIR<W> 85+zz  :11 repeat --000- |2 10.10. -
(XIX+), (XIY+) (XIX+) « (XIY+) ( end )
BC « BC-1 14.14. -
until BC=0 (repeat)
LDxx BW- [LDD<W> 83+zz :12 (XDE-) « (XHL—) --0M0- |2 10.10. -
[(XDE-), (XHL-)] « BC-1
BW- |LDD<W> 85+zz  :12 (x1x ) « (XIY-) [-OMO- |2 10.10. -
(XIX-), (XIY-) « BC-1
BW- |LDDR<W> 83+zz 113 repea --000- |2 10.10. -
[ (XDE-), (XHL-)] (XDE ) € (XHL-) ( end )
BC « BC-1 14.14. -
until BC=0 (repeat)
BW- |LDDR<W> 85+zz 113 repeat --000- |2 10.10. -
(XIX-), (XIY-) (x1x ) € (XIY-) ( end )
« BC-1 14.14. -
unt11 BC=0 (repeat)
Bw- |CPI [A/7WA, (R+)] 80+zz+R :14 A/MA - (R+) FN*M1- (2 8. 8. -
BC <« BC-1
BwW- |CPIR [A/WA, (R+)] 80+zz+R :15 repeat EN*M1- |12 10.10. -
A/WA - (R+) ( end )
BC « BC-1 14.14. -
until A/WA=(R) (repeat)
or BC=0
CPxx
BW~- |CPD [A/WA, (R-)] 80+zz+R :16 A/WA - (R-) FN*M1- |2 8. 8. -
BC <« BC-1
BW- [CPDR  [A/WA,(R-)] |80+zz+R :17  [repeat EN*M1- (2 10.10. -
A/MA - (R-) ( end )
BC ¢« BC-1 14.14. -
until A/WA=(R) (repeat)
or BC=0

Note 1: FlagM; If BC = 0 after execution, the P/V flag is set to 0, otherwise 1.

FlagN;

IfA/WA =

(R), the Z flag is set to 1, otherwise, 0 is set.

Note 2: When the operand is omitted in the CPI, CPIR, CPD, or CPDR instruction, A(XHL +/-)

is used as the default value.
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TOSHIBA TLCS-900
Appendix B Instruction Lists (5/11)
(4) Arithmetic Operations
Group | sjze Mnemonic Codes (hex.) Function SZHVNC %ngé State
y
BWL |ADD R,r C8+zz+r :80+R |R «R+r sk \/Q* (2 4. 4.7
BWL {ADD r,# C8+zz+r :C8:# |r «r + # xR VO* [2+# 4. 4.7
ADD BWL |ADD R,(mem) [80+zz+mem:80+R |[R « R+ (mem) [e**V0* [2+4M 4. 4. 6
BWL |ADD (mem),R |80+zz+mem:88+R [(mem) ¢ (mem) + R [*¥**V0* |2+M 6. 6.10
BW- |ADD<W> (mem),# |80+zz+mem:38:# |(mem) « (mem) + # [**VO* |2+M# | 7. 8. -
BWL [ADC R,r C8+zz+r :90+R |R « R+ r + CY p*5y0* |2 4. 4. 7
BWL |ADC r,# C8+zz+r :C9:# |r €+ # + CY [<*5V0* [2+# 4. 4.7
ADC BWL [ADC R,(mem) [80+zz+mem:90+R R ¢ R+(mem)+CY [<**V0* (2+M 4. 4. 6
BWL |ADC (mem),R (80+zz+mem:98+R [(mem) «(mem)+R+CY fF**V0* |2+M 6. 6.10
BW- |ADCKW> (mem),# [80+zz+mem:39:# |(mem) «(mem)+#+CY p*xV0* |2+M# | 7. 8. -
BWL [SuB R,r C8+zz+r :AO+R |R «R-r ok 1% 12 4. 4.7
BWL |SUB r,# C8+zz+r :CA:# |r er - # k1% (244 4. 4.7
SUB BWL |{SUB R,(mem) |80+zz+mem:A0+R |R € R - (mem) [e**Vi* [2+M 4. 4. 6
BWL |SUB (mem),R [80+zz+mem:A8+R |(mem) « (mem) - R [F**V1* [2+M 6. 6.10
BW- [SUBKW> (mem),# |80+zz+mem:3A:# |(mem) « (mem) - # [¥**V1* |2+M# | 7. 8. -
BWL |SBC R,r C8+zz+r :BO+R (R « R - r - CY psyl* 12 4. 4.7
BWL |SBC r,# C8+zz+r :CB:# |r € r = # - CY porsvik 244 4. 4.7
SBC BWL {SBC R,(mem) |80+zz+mem:BO+R |R «R-(mem) - CY[***V1* [24M 4. 4. 6
BWL |SBC (mem),R [80+zz+mem:B8+R [(mem) « (mem) - R - CYf**V1* |2+M 6. 6.10
BW- |SBC<KW> (mem),# [80+zz+mem:3B:# |[(mem) ¢« (mem)-#- CYP**V1* 2+M# | 7. 8. -
BWL |CP R,r C8+zz+r :FO+R |R - r Rk 1* |2 4. 4.7
BW- [CP r,#3 C8+zz+r :D8+#3 |r - #3 Ry 12 4. 4, -
BWL |CP r,# C8+zz+r :CF:# |r - # ek *\ 1% (244 4. 4.7
cp BWL |CP R,(mem) |80+zz+mem:FO0+R |R - (mem) RV (24M 4. 4. 6
BWL |CP (mem),R  [80+zz+mem:F8+R |(mem) - R k1% 1 24M 6. 6. 6
BW- |CP<W>  (mem),# |80+zz+mem:3F:# |(mem) - # REVL* (2+M# | 6. 6. -
INC B-- - |INC #3,r C8+r :60+#3 [P« r + #3 [**V0- |2 4. -. -
-WL |INC #3,r C8+zz+r :60+#3 |r e r + #3 |----- 3 -. 4. 4
BW- |INCKW> #3,(mem) [80+zz+mem:60+#3 }(mem) « (mem) + #3 [***V0- [2+M 6. 6. -
B-- |DEC #3,r C8+r :68+#3 |r € r - #3 pexky1- 12 4, -. -
DEC -WL |DEC #3,r C8+zz+r :68+#3 |rer - #3  |---—- 2 ~-. 4.5
BW- |DECKW> #3,(mem) |[80+zz+mem:68+#3 |(mem) ¢ (mem) - #3 [***V1- |2+M 6. 6. -
NEG BW- [NEG r C8+zz+r :07 re<0-r e *V1* (2 5. 5. -
EXTZ | -WL [EXTZ r C8+zz+r :12 r<high> «0  |----- 2 -. 4.4
EXTS | -WL |EXTS r C8+zz+r :13 r<high> « p<low.  |----- 2 -. 5.5
MSB>
DAA B-- |DAA r C8+r 110 Decimal adjustment after [¥**P-% 12 6. -. -
addition or subtraction.
PAA -WL [PAA r C8+zz+r :14 if r<0>=1 then  |------ 2 -. 4. 4
INC r

Note 1: With the INC/DEC instruction, when the code value of #3 =0, functions as +8/—8.
Note 2: When the ADD R, r (word type) instruction is used in the TLCS-90, the S, Z, and V flags
do not change. In the TLCS-900, these flags change.
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TOSHIBA : TLCS-900

Appendix B Instruction Lists (6/11)

Group| size Mnemonic Codes (hex.) Function sZHUNG (B3 state
BW- [MUL RR,r C8+zz+r :40+R RR ¢« RXr |=-—-- 2 18.26. -
MUL BW- [MUL rr,# C8+zz+r :08:# re € oX# 0 Fmee-- 2+# [18.26. -
BwW- |MUL RR, (mem) |80+zz+mem: 40+R RR « RX{(mem) |j------ 2+M 18.26. -
BwW- |MULS RR, r C8+zz+r :48+R RR « RXr ;signed [------ 2 18.26. -
MULS | BW- |MULS rr,# C8+zz+r :09:# rr € rX# ;signed ------ 2+# 18.26. -
BW- |MULS RR, (mem) |80+zz+mem:48+R RR «RX(mem);signed|------ 2+M  |18.26. -
BW- [DIV RR,r C8+zz+r :50+R R « RR+r ---V-- |2 22.30. -
DIV BW- DIV rr,# C8+zz+r :0A:# r o« re+# -~-V-- [2+# [22.30. -
BW- |DIV RR, (mem) |80+zz+mem:50+R R « RR+(mem) ---V-- [2+M  22.30. -
BW- |DIVS RR,r C8+zz+r :58+R R ¢ RR+r ;signedf---vV-- |2 24.32. -
DIVS | BW- |[DIVS rr,# C8+zz+r :0B:# r ¢ re+# ;signedf---V-- [2+# 24.32. -
BW- |DIVS RR, (mem) |80+zz+mem:58+R R « RR+(mem);signed{---V-- 2+M  [24.32. -
-W- |MULA rr D8+r :19 Multiply and add signed ~ [¥*~V-- |2 -.31. -
MULA rre rr+(XDE) X (XHL)
32bit 32bit 16bit  16bit
XHL « XHL-2
-W- [MINC1  #,r D8+r :38:#-1 |Modulo increment;+1 |------ 4 -. 8. -
(#=2%*n) if (r mod #)=(#-1)
(1<=n<=15) then rer-(#-1)
else rer+l
-w- [MINCZ  #,r D8+r :39:#-2 |Modulo increment;+2 |------ 4 -. 8. -
(#=2%*n) if (r mod #)=(#-2)
MINC (2<=n<=15) then rer-(#-2)
else rer+2
-w- [MINC4 #,r D8+r :3A:#-4 |Modulo increment;+4 |---—-- 4 -. 8. -
(#=2%*n) if (r mod #)=(#-4)
(3<=n<=15) then rer-(#-4)
else rer+d
-W- |MDEC1 #,r D8+r :3C:#-1 |Modulo decrement;-1|-~---- 4 - 7. -
(#=2**n) if (r mod #)=0
(1<=n<=15) then rer+(#-1)
else rer-1
-w- |MDEC2  #,r D8+r :3D:#-2 |Modulo decrement;~2|------ 4 - 7. -
(#=2%*n) if (r mod #)=0
MDEC (2<=n<=15) then rer+(#-2)
else rer-2
-w- |MDEC4 #,r D8+r :3E:#-4 |Modulo decrement;-4[-=---- (4 - 7. -
(#=2%*n) if (r mod #)=0
(3<=n<=15) then rer+(#-4)
else rer-4

Note: Operand RR of the MUL, MULS, DIV, and DIVS instructions indicates that a register
twice the size of the operation is specified. When the operation is in bytes (8 bits x 8 bits,
16/8 bits), word register (16 bits) is specified; when the operation is in words (16 bits x 16
bits, 32/16 bits), long word register (32 bits) is specified.

CPU900-172



TOSHIBA TLCS-900

Appendix B Instruction Lists (7/11)

(5) Logical operations

Group| sjze Mnemonic Codes (hex.) Function SZHVNC L(%';%P State
BWL [AND R,r C8+zz+r :CO+R |R « R and r *%1P00 (2 4, 4. 7
BWL [AND r,# C8+zz+r :CC:# |r « r and # *%1P00 [2+# 4, 4. 7
AND BWL |AND R,(mem) [80+zz+mem:C0+R |R « R and (mem) **1P00|2+M 4. 4. 6
BWL |AND (mem),R 180+zz+mem:C8+R |(mem) « (mem) and R {**1P00[2+M 6. 6. 10
BW- [AND<w> (mem),# |80+zz+mem:3C:# {(mem) « (mem) and # |**1P00|2+M# | 7. 8. -
BWL |OR R,r C8+zz+r :E0+R |R ¢« Ror r **0P00|2 4. 4. 7
BWL |OR r,# C8+zz+r :CE:# |r <« r or # **0P00 |2+# 4. 4. 7
OR BWL {OR R,(mem) {80+zz+mem:EO+R |[R « R or (mem) **QP00 [2+M 4. 4. 6
BWL {OR (mem),R [80+zz+mem:E8+R [(mem) « (mem) or R [**0P00|2+M 6. 6. 10
BW- |ORKW>  (mem),# |80+zz+mem:3E:# |(mem) « (mem) or # |**OP00;2+M# |7 g, -
BWL |XOR R,r C8+zz+r :DO+R |[R ¢« R xor r **0P00 |2 4. 4, 7
BWL |XOR r,# C8+zz+r :CD:# |r « r xor # **0P00 |2+# 4. 4. 7
XOR BWL [XOR R,(mem) |80+zz+mem:D0+R [R « R xor (mem) **0P00 [2+M 4. 4. B
BWL |XOR (mem),R |80+zz+mem:D8+R [(mem) ¢ (mem) xor R |**QP00|2+M 6. 6. 10
BW- |XOR<W> (mem),# |80+zz+mem:3D:# [(mem) « (mem) xor # [**0PO0OQ(2+M# 7. 8. -
CPL |- BW- |CPL r C8+zz+r :06 r¢notr --1-1-(2 4. 4. -
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Appendix B Instruction Lists (8/11)

(6) Bit operations

Group| size Mnemonic Codes (hex.) Function SZHVNC L(%’}?S‘ State

BW- [LDCF  #4,r C8+zz+r :23:#4 |CY « r<#4> | ----- * 13 4.4.-

LDCF BW- [LDCF A ,r C8+zz+r :2B CY « r<A> | ----- * 2 4.4,-

B-- |LDCF  #3,(mem) |BO+men :98+#3 |CY « (mem)<#3> | ----- * 124M 8.-.-

B-- |LDCF A ,(mem) |BO+men :2B CY « (mem)<A> | ----- * 12+M 8.-.-

BW- |STCF  #4,r C8+zz+r :24:#4 |r<#4> «Cy 0 peme--- 3 4.4.-

STCF BW- [STCF A ,r C8+zz+r :2C r<A> «Ccy |- 2 4.4.-

B-- |STCF  #3,(mem) |{BO+mem :AQ+#3 [(mem)<#3> ¢« CY | ------ 2+M 8.-.-

B-- |STCF A ,(mem) |BO+mem :2C (mem)<A> «CY | ------ 2+M 8.-.-

BW- |ANDCF #4,r C8+zz+r :20:#4 |CY « CY and r<#4> [ ----- * 13 4.4.-

ANDCF BW- |ANDCF A ,r C8+zz+r :28 CY « CY and r<A> [ ----- * 12 4.4.-

B-- |ANDCF #3,(mem) [BO+mem :80+#3 |[CY « CY and (mem)<#3> [ ----- * 12+M 8.-.-

B-- |ANDCF A ,(mem) [BO+mem :28 CY « CY and (mem)<A> [----- * 124M 8.-.-

BW- |ORCF #4,r C8+zz+r :21:#4 |CY « CY or r#4> | ----- * 13 4.4, -

ORCF BW- |ORCF A ,r C8+zz+r :29 CY « CY or r<A> | ===-- * 12 4.4.-

B-- [ORCF  #3,(mem) |BO+mem :88+#3 |CY « CY or (mem)<#3> |----- * 12+M 8.-.-

B-- |ORCF A ,(mem) |BO+mem :29 CY « CY or {(mem)<A> | ----- * 12+M 8.-.-

BW-. |XORCF #4,r C8+zz+r :22:#4 |CY « CY xor r<#4> | ----- * 13 4.4, -

XORCF BW- |XORCF A ,r C8+zz+r :2A CY « CY xor r<A> | ----- * 12 4.4.-

B-- [XORCF #3,(mem) |BO+mem :90+#3 |CY « CY xor (mem)<#3> |----- * 124M 8.-.-

B-- |XORCF A ,(mem) |BO+mem :2A CY « CY xor (mem)<A> | ----- * 2+M 8.-.-
RCF --- |RCF 10 CY «0 --0-00 |1 2
SCF --- |SCF 11 CY « 1 --0-01 1 2
CCF --- |CCF 12 CY « not CY -=X-0* |1 2
ZCF --- |ZCF 13 CY « not Z flag -=X-0* (1 2

BIT BW- [BIT #4,r C8+zz+r :33:#4 | « not r<#4> X*1X0- (3 4.4.-

B-- |BIT #3, (mem) |BO+mem :C8+#3 |Z « not (mem)<#3> X*1X0- [2+M 8.-.-

RES BW- [RES #4,r C8+zz+r :30:#4 |r<#4> «0 | -mm--- 3 4.4,-

B-- |RES #3,(mem) |BO+mem :BO+#3 |(mem)<#3> « 0 | ------ 2+M 8.-.-

SET BW- |[SET #i,r C8+zz+r :3>1:#4 r<#4> «1 | e=m--- 3 4.4.-

B-- |SET #3,(mem) |BO+mem :B8+#3 i(mem)<#3> « 1 | ------ 2+M 8.-.-

CHG BW- |CHG #4,r C8+zz+r :32:#4 {r<#4> « not r<#4> | --—--- 3 4.4.-

B-- |CHG #3,(mem) [BO+mem :CO+#3 |(mem)<#3>enot (mem)<#3>| --~---- 2+M 8.-.-

BW- [TSET #4,r C8+zz+r :34:#4 |[Zenot r<#4> : r<#dd>«1 X*1X0- 6 _

TSET | B-- |TSET  #3,(mem) |BO+mem :A8+#3 |Z « not (mem)<#3> X*1X0- oM 10'_'_

(mem)<#3> « 1 t

BS1 -W- |BS1IF  A,r D8+r :0E A « 1 search r;Forward | ---N-- [2 -.4.-

-W- [BS1B A,r D8+r :0F A « 1 search r;Backward| ---N-- |2 -.4,-

Note: Flag N ;0 is set when the bit searched for is found, otherwise 1 is set and an undefined value
is set in the A register.
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Appendix B Instruction Lists (9/11)
(7) Special operations and CPU control
Group | size Mnemonic Codes (hex.) Function SZHVNC| I]%‘;%)h State
NOP NOP 00 no operation SR

EI EI [#3] 06 1 #3 Sets interrupt enable fla 5
IFFe#3
DI --- (DI 06 :07  |Disablesinterrupt.  |--=---= 2 5
IFFe7
PUSH -W- {PUSH SR 02 (-XSP)€SR {privitaged].  |-——=-- 1 -.4.-
POP -W- . |POP SR 03 SRe(XSP+) | ook ] -.6.-
--- [SWI [#3] F8+#3 Software interrupt ~ |[--=---- 1 16
SWI PUSH PC&SR
JP  8000H+10H x #3
HALT --- [HALT 05 CPUhalt  [orvilegedl: — |--—--- 1 8
LDC BWL {LDC cr,r C8+zz+r :2E:cr |cr ¢ r  [peviiegedt  |------ 3 8.8.8
BWL |LDC r,cr C8+zz+r :2F:cr |r ¢ cr |prwleged] — |------ 3 8.8.8
LDX B-- |LDX (#8),# |F7:00:#8:00:#:00((#8) «#  [—=---- 6 9.-.-
--L |LINK r,d16 E8+r :0C:d16 [PUSH r  {=-=-m- 4 -.-.10
LINK Lb  r,XSP
ADD XSP,d16
UNLK --L {UNLK r E8+r :0D LD  XSP,r
—————— 2 -.-.8
POP r
LDF --- |LDF #3 17 1 #3 Sets register bank.  |------ 2 2
RFP« #3 (0 at reset)
INCF --- [INCF [1[6 Switches register banks. ~ {—=---= 1 2
RFP ¢ RFP + 1
DECF --- [DECF 0D Switches register banks. ~ |[--=--- 1 2
RFP« RFP - 1
ScC BW- |SCC  cc,r C8+zz+r :70+cc [if cc then r « 1 |---=-- 2 6.-6.-
elser «0

Note 1: When operand #3 coding in the El instruction is omitted, 0 is used as the default value.
Note 2: When operand #3 coding in the SWIinstruction is omitted, 7 is used as the default value.
Note 3: The value in the state column for the SWI instruction represents the number of states

M

when the CPU is in minimum mode. In maximum mode, add + 2.
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Appendix B Instruction Lists (10/11)
(8) Rotate and shift
Group| sjze Mnemonic Codes (hex.) Function SZHVNC L(%r;,?g State
BWL |RLC #4,r C8+zz+r :E8:#4 **QPO* (3 6.6.8+2n
RLC BWL |RLC A, r C8+zz+r :F8 I *%QP0O* |2 6.6.8+2n
’ [ CY |]<[MSB e
BW- 1RLC<W> (mem) 80+zz+mem:78 [V I~{MsB<0}- **0PO*12+M  18.8.-
BWL |RRC #4,r C8+zz+r :E9:#4 . **QP0* (3 6.6.8+2n
RRC | BWL |RRC A,r C8+zz+r :F9 |: VISES0 **QPO* (2 6.6.8+2n
BW- [RRCKW>  (mem) 80+zz+mem: 79 **%QPO*[2+4M  [8.8.-
BWL |RL #4,r C8+zz+r :EA:#4 **QP0* (3 6.6.8+2n
RL BWL [RL A,r C8+zz+r :FA MSB<0 *xQPO* 12 6.6.8+2n
BW- |RL<W> (mem) 80+zz+mem:7A **QPO* [2+M 8.8.-
BWL |RR #4,r C8+zz+r :EB:#4 *kQPO* (3 6.6.8+2n
RR BWL |RR A, r C8+zz+r :FB *kQPQ* (2 6.6.8+2n
' _—»_MSB—>O [CY ]
BW- |RR<W> (mem) 80+zz+mem:78B *kQPO* [2+M 8.8.-
BWL [SLA #4,r C8+zz+r :EC:#4 **(OP0* 3 6.6.8+2n
SLA | BWL |SLA  A,r C8+zz+r :FC MSB0]« 0 |xxgpo* |2 6.6.8+2n
BW- |SLA<W> (mem) 80+zz+mem:7C **QP0*[2+M  18.8.-
BWL |SRA #4,r C8+zz+r ED:#4 **QP0* (3 6.6.8+2n
’ T IMSB—=0 ] CY']
SRA | BWL |SRA  A,r C8+zz+r :FD BOLEY T yuoporlz  [6.6.8+2n
BW- |SRACW>  (mem) 80+zz+mem:7D **(QPO* [2+M 8.8.-
BWL |SLL #4,r C8+zz+r EE:#4 **QP0* |3 6.6.8+2n
SLL | BWL |SLL A,r C8+zz+r :FE MSBe<0O]< 0  |+#oP0*|2 6.6.8+2n
BW- {SLL<W> (mem) 80+zz+mem:7E *RQPO* 124+M 8.8.-
BWL |SRL #4,r C8+zz+r :EF:#4 **QPO* 3 6.6.8+2n
SRL BWL |SRL A, r C8+zz+r :FF 0 >[MSB—0 *k(OPO* 2 6.6.8+2n
BW- {SRL<W> (mem) 80+zz+mem:7F **QPO* [2-+M 8.8.-
B-- [RLD [A,](mem) {80+mem  :06 Areg mem *EQPO-124M  [12.~.-
RLD [7-413-01[7-413-0]
B-- |RRD [A,](mem) |80+mem  :07 Areg mem A |**0PO-[2+M  |12.-.-
RRD [7-413-0][7-4[3-0]

Note 1: When #4/A is used to specify the number of shifts, modulo 16 (0 to 15) is used. Code 0

means 16 shifts.

Note 2: When the following instructions are used in the TLCS-90, the S, Z and V flags do not

change.

RLCA, RRCA,RLA, RRA, SLAA, SRAA, SLLA, and SRLA
In the TLCS-900, these flags change.
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Appendix B Instruction Lists (11/11)

(9) Jump, call and return

Group| size Mnemonic Codes (hex.) Function szHNC|' G| state
--- [JP #16 1A :#16 |PC « #16 | ------ 3 7
--- [JP #24 1B (#24 |PC « #24 | ------ 4 7
JP --- |JR [cc,]$+2+d8 |60+cc :d8 if cc then PC « PC+d8 |------ 2 8/4 (T/F)
--- [JRL [cc,]$+3+d16(70+cc :d16 |if cc then PC « PC+d16|------ 3 8/4 (T/F)
--- |dP [cc, Jmem BO+mem :DO+cclif cc then PC ¢ mem  |------ 2+M 9/6 (T/F)
--- |CALL #16 1C :#16 |[PUSH PC : JP #16 ~  |------ 3 12
--- |CALL #24 1D :#24 |PUSH PC : JP #24 |[------ 4 12
CALL | --- |CALR $+3+d16  [|1E :d16 |PUSH PC : JR $+3+d16 |[------ 3 12
--- |CALL [cc, Jmem BO+mem :EO+cc|if cc then | ------ 2+M 12/6 (T/F)
PUSH PC : JP mem
panz | BY- DJINZ [r,]$+3+d8 |C8+zz+r :1C:d8rer-1 | -==mm- 3 11 (r#0)
if r#0 then JR $+3+d8 7 (r=0)
--- |RET OE poPPC - 1 9
RET --- |RET  cc BO :FO+cc|if cc then POP PC | ------ 2 12/6 (T/F)
--- |RETD d16 OF :d16 |RET : ADD XSP,d16  |------ 3 9
--- |{RETI 07 POP SR&PC [privileged] Fkdokk 1] 12

Note 1: The value in the state column for the CALL, CALR, RET, RETD, and RETIinstructions
represents the number of states when the CPU is in minimum mode. In maximum mode,
add + 2.

Note 2: (T/F) represents the number of states at true/false.
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Appendix C Instruction Code Maps (1/4)
1-byte op code instructions
Wlo | 1 Jals]als]el7]s]lo]ale ]| clofce]cr
0 LD |PUSH | LDW [PUSHW| INCF DECF{ RET |RETD
n),n| n [(M,nn| nn dd
1 PUSH POP il Jp CALL CALL | CALR
F F nn nnn nn nnn |PC+dd
2 PUSH RR
3 LD RR, nn PUSH XRR
4 LD XRR, nnnn POP RR
5 POP XRR
6 IR c,PC+d
F LT LE ULE PE/OV M/MI 4 C (T) GE GT UGT PO/NOV P/PL NZ NC
7 JRL  ¢c,PC+dd
F LT LE ULE PE/OV M/MI z C (W) GE GT UGT PO/NOV P/PL NZ NC
8 src. B src. B
(XWA (XBC (XDE (XHL (XIX (XIY  (XiZ (XSSP
(XWA) (XBC) (XDE) (XHL) (XiX) (XIY) (XiZ) (XSP) vd) xd)  +d) +d) v d) vd)  rd)  +d)
9 src. W src. W
(XWA (XBC (XDE (XHL (XIX X1y  (X1Z  (XSP
(XWA) (XBC) (XDE) (XHL) (XIX) (XIY) (XIZ) (XSP) vd)  +d)  ad) +d) v d) vd)  +d)  +d)
A src. L src. L
(XWA (XBC (XDE (XHL (XIX (XIy  (Xiz  (XsP
(XWA) (XBC) (XDE) (XHL) (XiIX) (XIY) (XiZ) (XSP) +d)  +d) +d) +d) +d) +d) +d) +d)
B dst dst
(XWA (XBC (XDE (XHL (XIX X1ty (X1z  (xsp
(XWA) (XBC) (XDE) (XHL) {XIX) (XIY) (XIZ) (XSP) +d)  +d) +d)- +d) +d) +d) +d) +d)
[« sr¢. B reg. B reg. B
(n) | (nn) | (nnn) I(mem)l(—xrr)l(xrr+) r \ A B C D E H L
D sre. W reg. W reg. W
(n) ! (nn) l (nnn) I(mem)l(—xrr)l(xrm) o WA  BC DE HL IX Y V4 SP
E ’ src. L reg. L reg. L
(n) I (nn) ! (nnn) I(mem)l(—xrr)l(xrr+) xrr | XWA  XBC  XDE XHL XiX XY Xiz Xsp
F dst LDX Swi n
(n) | (nn) | {nnn) ](mem)[(—xrr)l(xrr+) (n),n 0 1 2 3 4 5 6 7
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Appendix C Instruction Code Maps (2/4)
1st byte: reg

wif o [ 123 ]als]e|l7]8]lo[als] c|p|E]F
0 LD |PUSH | POP | CPL | NEG MUL MULS DIV DIVS | LINKL [UNLKL| BS1F BS1B
BW | BW BW w
r# r r r r rr# o # e # o # r,dd r Ar At
1 DAAB EXTZ | EXTS | PAA MIRR MULA DINZ
WL | WL | wL w w BW
r r r r r r r,d
2 |ANDCF ORCF XORCF LDCF STCF ANDCF ORCF XORCF LDCF STCF
BW BW
#,r #,r #,r #,1r  #r Ar Ar  Ar Ar Ar
3 RES SET  CHG BIT TSET MINC1 MINC2 MINC4 MDEC1T MDEC2 MDEC4
BW
#,r #,r #,r  #r #,r #,r w #,r w
4 MUL  R,r BW| MULS  R,r BW,|
5 DIV  R,r BW DIVS R, r BW]
6 INC  #3,r DEC #3,1
8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7
7 SCC «cqr BWi
F LT LE ULE PE/OV M/MI z C (M GE GT UGT PO/NOV P/PL NZ NC
8 ADD R, r LD R, r
9 ADC R, r LD r,R
A SUB R, r LD r, #3
0 1 2 3 4 S 6 7
B SBC R, T EX R, 1 BW
C AND R, r ADD ADC SUB SBC AND XOR OR cp
T, # r#  r#  r# ro# r, # r # r, #
D XOR R, r cpP r, #3 BW,
0 1 2 3 4 5 6 7
E OR R, r RLC RRC RL RR SLA SRA SLL SRL
#,r #,r #,r #,r #,r #,r #.r #,r
F cP R, r RLC RRC RL RR SLA SRA SLL SRL
Ar AT AT Ar A A Ar A r

r Register specified by the 1st byte code. (Any CPU registers can be specified.)

R : Register specified by the 2nd byte code. (Only eight current registers can be specified.)
B : Operand size is a byte.

w : Operand size is a word.

L : Operand size is a long word.

Note Dummy instructions are assigned to codes 1AH, 1BH, 3BH, and 3FH. Do not use them.
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Appendix C Instruction Code Maps (3/4)

1st byte: src (mem)

wl o 123 ]afs|[e|[ 78] 9 |als|lc]ple]cFr
0 PUSH RLD RLDB
BW
{mem) A, (mem)
1] LDl LDIR LDD LDDR| CPI CPIR CPD CPDR LDBW
BW BW
(nn), (m)
2 LD R,{mem)
3 EX (mem),R BW| ADD ADC SUB SBC AND XOR OR CPBW
(mem) ,#
4 MUL R, (mem) BW MULS R, (mem) BW,
5 DIV R, {(mem) BW| DIVS R, (mem) BW]
6 INC  #3, (mem) BW| DEC #3, (mem) BW
8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7
7 RLC  RRC RL RR  SLA SRA  SLL SRLBW,|
(mem)
8 ADD R, (mem) ADD (mem), R
9 ADC R, (mem) ADC (mem),R
A SUB R, (mem) SUB (mem), R
B SBC R, {mem) SBC {mem), R
C AND R, (mem) AND (mem),R
D XOR R, (mem) XOR (mem),R
E OR R, (mem) OR (mem),R
F CP R, (mem) CP  (mem),R
B : Operandsizeisa byte.
W : Operandsizeisaword.
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Appendix C Instruction Code Maps (4/4)

1st byte: dst {mem)

m) o J1 23 a|s|e|7]8]9 |als | c|Dp|Ee]|F
0] LDB LDW POPB POP W
(m), # (m), # (mem) (mem)
1 LDB LD W
(m), (nn) (m), (nn)
2 LDA R,mem WIANDCF ORCF XORCF LDCF STCFB
A, (mem)
3 LDA R, mem L
4 LD  (mem),R B
5 LD (mem), R W
6 LD (mem),R L
7
8 ANDCF #3, (mem) B ORCF  #3, (mem) B
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
9 XORCF #3, (mem) B LDCF  #3, (mem) B
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
A STCF  #3, (mem) B TSET  #3,(mem) Bl
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
B RES  #3, (mem) B SET  #3, (mem) B]
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
C CHG  #3, (mem) B BIT  #3, (mem) Bl
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
D JP cc, mem
F LT LE ULE PE/OV M/MI  Z [« L) GE GT UGT PO/NOV P/PL  NZ  NC
E CALL ¢¢, mem
F LT LE ULE PE/OV M/MI  Z C m GE GT UGT PO/NOV P/PL  NZ  NC
F RET ¢ (1stbyte codeis BOH.)
F LT LE ULE PE/OV M/MI  Z C (M) GE GT UGT PO/NOV P/PL  NZ  NC

B : Operandsizeisa byte.
W : Operandsizeisaword.
L : Operandsizeisalong word.
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Appendix D Differences between TLCS-90 and TLCS-900 Series

Series
Item

TLCS-90

TLCS-900

CPU architecture

Built-in ROM/built-in RAM
Built-in /0

External data bus

Program space
(except devices with MMU)

Instruction set/instruction
mnemonic

Instruction code
(object code)

Built-in ROM address
Built-in RAM address
Built-in'I/O address
Direct addressing area (n)

Interrupt
Interrupt start address

Register to be saved
Mask register
Mask level

8-bit CPU

8-bit data bus
8-bit data bus
8-bit data bus

TLCS-90

PC « 0000H
(SP does not change.)

0000H~

~FFxxH
FFxxH~FFFFH
FFOOH~FFFFH

0000H +(8x V)

PC & AF
IFF

16-bit CPU
16-bitdata bus
8-bit data bus

8-bit/16-bit data bus
(can be mixed)

TLCS-90 +
a = enhancement of 16-bit multiply /
divide instructions and bit
operation instruction. 32-bit
load/operation instructions,
C compiler instructions, register
bank operation instructions, etc.

Unique to TLCS-900
(Different from TLCS-90.)

TLCS-90 + &
a = (-Reg), (Reg+),
(Reg +disp16),
(Reg + Reg16),

TLCS-90 + @
« = Uses as 32 bits and register bank,
and adds a system stack pointer.

BEGOGHNE
| flag is extended to IFF2 to 0 of
status register.X flag is deleted.

PC « 8000H
XSP « 100H

8000H~

0080H~
0000H~007FH
0000H~00FFH

Vector base address + 4 x V [900L_CPU]
8000H + (10H x V) {900_CPU]
PC & SR
IFF2~0

0~1

0~7
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ltem Series TLCS-90 TLCS-900

Instruction
@ ADDR, r (word type) S/Z/V flags don't change. S/Z/V flag changes.

I: S/Z/V flag changes expect add :|
16 bit register.

@ Shiftof Aregister [ RLCA S/ZIV flag changes.
RRCA
RLA
RRA
SLAA
SRAA
SLLA
SRLA ]
S/ZIV flags don't change in these
instruction.
[ RLC A
RRC A
RL A
RR A
SLA A
SRA A
SLL A
SRL A ]
S/Z/V flag changes in these
instruction.

CPU900-183



TOSHIBA

TLCS-900

Note :

The TLCS-900 series is essentially the same as the TLCS-90 series but with a 16-bit

CPU. Built-in I/Os are completely compatible with those of the TLCS-90.

However, six types of instructions used in the TLCS-90 series do not directly
correspond with those used in the TLCS-900 series. Thus, when transfering programs
designed for the TLCS-90 to the TLCS-900, replace them with equivalents as follows:

Instructions in TLCS-90 Equivalent instructions in
but notin TLCS-900 TLCS-900
EXX EX BC, BC'
EX DE, DE’
EX HL, HL'
EX AF, AF' EX AA
EX F.F
PUSH AF PUSH A
PUSH F
POP AF POP F
POP A
INCX (32-bit INC instruction)
DECX (32-bit DEC instruction)

Some TLCS-900 series instructions, though basically the same as TLCS-90
instructions, have more functions and more specification items in their operands.

They are listed below.
TLCS-90 TLCS-900

INC reg INC imm3, reg
INC  mem INC  imm3, mem
DEC reg DEC imm3,reg
DEC mem DEC  imm3, mem
RLC reg RLC imm, reg
RRC reg RRC  imm, reg
RL reg RL imm, reg
RR reg RR imm, reg
SLA  reg SLA  imm, reg
SRA  reg SRA  imm, reg
SLL reg SLL imm, reg
SRL reg SRL imm, reg
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TOSHIBA TMP96C141

CMOS 16-bit MICROCONTROLLERS
TMPY6C141F

1. OUTLINE AND DEVICE CHARACTERISTICS

TMP96C141F is high-speed advanced 16-bit microcontrollers developed for
controlling medium to large-scale equipment. The TMP96C141 does not have a ROM,
the TMP96CMA40F has a built-in ROM, and the TMP96PM40 has a built-in OTP.

TMP96C141F is housed in an 80-pin flat package.

Device characteristics are as follows:
(1) Original 16-bit CPU
TLCS-90 instruction mnemonic upward compatible.
16M-byte linear address space
General-purpose registers and register bank system
16-bit multiplication / division and bit transfer/arithmetic instructions
High-speed micro DMA : 4 channels (1.6 xs/2 bytes @20MHz)
(2) Minimum instruction execution time : 200ns @20MHz
(38) Internal RAM : 1K byte
Internal ROM : None
(4) External memory expansion
® Can be expanded up to16M bytes (for both programs and data).
® Can mix 8- and 16-bit external data buses.

(5) 8-bittimers : 2 channels
(6) 8-bit PWM timers . 2 channels
(7)  16-bit timers . 2 channels
(8) Pattern generators  : 4bits, 2 channels
(9) Serial interface : 2 channels

(10) 10-bit A/D converter : 4 channels
(11) Watchdog timer
(12) Chip select/wait controller :3 blocks
(13) Interrupt functions
® 3 CPU interrupts:--- - SWI instruction, priviledged violation, and Illegal
instruction
® 14 internal interrupts
® 6 external interrupts
(14) I/O ports
(15) Standby function : 3 halt modes (RUN, IDLE, STOP)

] 7-level priority can be set.
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<
CPU -]
(ANO) P50 —7>
(AN1) P51 —>1 10-BIT 4CH XWA WIA <
(AN2)PS2 —P>-{ A XBC BlC osc |
(AN3) P53 —>=| CONVERTER | | XDE DlE
VREF —f> XHL HiL
AGND —f> XIX 1X ,
XIY [
X1z 72
(TXDO) P90 <> SERIAL I/O XSP SP -
(RXDO)PIT <> (cH.0) - 32bit —> -
(CTSO) P92 > SR .
(TXD1) P93 <1>| SERIAL /O
(RXD1) P94 <>
(SCLK1) P95 (CH-1
e
= INTERRUPT |
CONTROLLER
(PG 00) P60 ~T™| PATTERN
(gg g;) Eg; <I7| eneraToR
(PG 02) (CH.0) WATCH-DOG
(PG 03) P63 <> TIMER
(PG 10) P64 <1>| PATTERN
(PG 11) P65 ~<>| GENERATOR
(PG 12) P66 <>  (CH.1)
(PG 13) P67 1KB RAM PORTO =
(T10) P70-«> 8BIT TIMER
(TIMER 0) PORT1 1=
(TO1) P71=>| 8BIT TIMER
(TIMER 1) PORTZ |-
(TO2) P72=<t>| 8BIT PWM
(TIMER 2) —
(TO3) P73=<1>| 8BITPWM <
(TIMER 3) 32KB ROM PORT3 | =]
(TMP96CM40) B
or
(INT4/T14) P8O <1 <]
(INT5/TI5) P81 <f>| 16BIT TIMER 32KB PROM <
(TO4) P82 <f>| (TIMER 4) (TMP96PMA40)
(TOS5) P83 <>
(INT6/T16) P84 <t>| 16BIT TIMER
(INT7/T17) P85 <{>| (TIMER 5) CSAWAIT |
(TO6) P86 <> CONTROLLER|}
(3-BLOCK) |

(INTO) P87 <>

™ VCC (2]
— VSS [3]

— X1
> X2

> CLK

— WDTOUT

= P00~P0O7
(ADO~AD?7)

P10~P17
(AD8~AD15/A8~A15)

> P20~P27
(AO~A7/A16~A23)

> P30(RD)

> P31(WR)

> P32(HWR)
P P33(WAIT)
1> P34(BUSRQ)
> P35(BUSAK)
> P36(R/W)
> P37(RAS)

> P40(CS0/CASO)
> P41(CST/CAST)
> P42(CS2/CAS2)

Figurel TMP96C141 Block Diagram
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2. PIN ASSIGNMENT AND FUNCTIONS

The assignment of input / output pins for TMP96C141, their name and outline
functions are described below.

2.1 Pin Assignment
Figure 2.1 shows pin assignment of TMP96C141F.

(ANOQ)P50 73 72 P42(CS2/CAS2)
(AN1)P51 74 71 P41(CS1/CAST)
(AN2)P52 75 70 P4Q(CSO/CASQ)
(AN3)P53 76 , 69 P37(RAS)
vee 77 68 P36(R/W)
VREF 78 67 P35(BUSAK)
R =1
(PGOO)P60 11— [}—64 P32(HWR)
(pGolpel 2} @ []—63 P31(WR)
(PGO2)P62  3—{] |62 P30(RD)
(PGO3)P63  4—] 61 P27(A7/A23)
(PG10)P64 5—] [—60 P26(A6/A22)
(PG11)P65 6—{] [ 159 P25(A5/A21)
(PG12)P66 7~ 158 P24(A4/A20)
(PG13)P67 8—] 57 P23(A3/A19)
(To)p70  9—] 56 P22(A2/A18)
(ToNP71 10—} (55 P21(A1/A17)
(TO2)P72 11 | }—54 P20(A0/A16)
(TO3)P73 12;@ Top View 53 vss
(INT4/T14)P80 13 QFP80 52 P17(AD15/A15)
(INT5/TI5)P81 14—] [ 51 P16(AD14/A14)
(TO4)P82 15— [ ]—50 P15(AD13/A13)
(TO5)P83 16— | 149 P14(AD12/A12)
(INT6/TI6)P84 17— ] 48 P13(AD11/A11)
(INT7/T17)P85 18— 47 P12(AD10/A10)
(TO6)P86 19— | [}—46 P11(AD9/A9)
(INTO)P87 20— 45 P10(ADS8/A8)
NMmI 21— [}—44 PO7(AD7)
WDTOUT 22— | 43 PO6(AD6)
RESET 23 42 PO5(ADS)
ClLK 24 (141 P0O4(ADA4)

VSS 25—5_I Ll_|—40 PO3(AD3)
X1 26 39 P02(AD2)

X2 27 38 PO1§AD1;

EA 28 37 POO(ADO
(TXDO)PSO 29 36 VCC
(RXDO)P91 30 35 ALE
(CTS0)P92 31 34 P95(SCLK1)
(TXD1)P93 32 33 P94A(RXD1)

Note : Because the TMP96C141 has an external ROM, P00 to P17 pins are fixed to ADO
to AD15; P30 to RD; and P31 to WR.

Figure 2.1 Pin Assignment (80-pin QFP)
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2.2 Pin Names and Functions

The names of input/output pins and their functions are described below.
Table 2.2 Pin Names and Functions.

Pin name “f,‘#";ﬁﬁr 110 Functions

PO0~P0O7 8 /0 | Port0: I/O portthat aliows I/0 to be selected on a bit basis

ADO~AD7 Tri-state | Address/data (lower): 0-7 for address/data bus

P10~P17 8 1/0 | Port1: /O portthat allows I/O to be selected on a bit basis

AD8~AD15 Tri-state | Addressdata (upper): 8- 15 for address/data bus

A8~A15 Output | Address: 8to 15 for address bus

P20~P27 8 /O | Port2: I/O portthat allows selection of I/O on a bit basis
(with pull-down resistor)

AO~A7 Output | Address: 0 -7 for address bus

A16~A23 Output | Address: 16 - 23 for address bus

P30 1 Output | Port30: Output port

RD Output | Read: Strobe signal for reading external memory

P31 1 Output | Port31: Output port

WR Output | Write: Strobe signal for writing data on pins ADQ - 7

P32 1 /0 | Port32: /O port (with pull-up resistor)

HWR Output | High write: Strobe signal for writing data on pins AD8 - 15

P33 1 /O | Port33: I/O port (with pull-up resistor)

WAIT Input | Wait: Pin used to request CPU bus wait

P34 1 /0 | Port34: 1/0 port (with pull-up resistor)

BUSRQ Input | Busrequest: Signal used to request high impedance for ADO - 15,
A0 - 23, RD, WR,AWR, RAW, RAS, CS0, CS7, and CS2 pins.
(For external DMAC)

P35 1 I/O | Port35: I/O port (with pull-up resistor) L

BUSAK Output | Busacknowledge: Signal indicating that AD0-15, A0-23, RD,
WR,HWR, RW, RAS, CS0, €51, and CS2 pins are at high impedance
after receiving BUSRQ. (For external DMAC)

P36 1 I/O | Port36: I/O port (with pull-up resistor)

RAW Output | Read/write: 1representsread or dummy cycle; 0, write cycle.

P37 1 /0 | Port37: 1/0O port (with pull-up resistor)

RAS Output | Row addressstrobe: Outputs RAS strobe for DRAM.

P40 1 /O | Port40: 1/O port (with pull-up resistor)

(i) Output | Chipselect0: Outputs 0 when address is within specified address
area.

CASO Qutput | Column address strobe 0: Outputs CAS strobe for DRAM when
address is within specified address area.

Note: With the external DMA controller, this device's built-in memory or built-in /O cannot be
accessed using the BUSRQ and BUSAK pins.
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Pinname | NyTRer /o Functions

P41 1 /0 | Port41: 1/O port (with pull-up resistor)

Cs1 Output | Chipselect 1: Outputs 0 if address is within specified address area.

CAST Output | Column addressstrobe 1: Outputs CAS strobe for DRAM if address
is within specified address area.

P42 1 110 | Port42: I/O port (with pull-down resistor)

cs2 Output | Chipselect2: Outputs0if address is within specified address area.

CAS2 Output | Column address strobe 2: Outputs CAS strobe for DRAM if address
is within specified address area.

P50~P53 4 Input | Port5: Inputport

ANO~AN3 Input | Analog input: Inputto A/D converter

VREF 1 Input | Pin for reference voltage input to A/D converter

AGND 1 Input | Ground pin for A/D converter

P60~P63 4 1/0 | Ports 60 - 63: 1/0 ports that allow selection of I/0 on a bit basis
(with pull-up resistor)

PG0O0~PGO3 Output | Pattern generator ports: 00 -03

P64~P67 4 /0 | Ports64-67: I/O ports that allow selection of I/0 on a bit basis
(with pull-up resistor)

PG10~PG13 Output | Pattern generator ports: 10-13

P70 1 1/0 | Port70: 1/O port (with pull-up resistor)

TIO Input | Timerinput0: Timer O input

P71 1 /O | Port71: 1/O port (with pulil-up resistor)

TO1 Output | Timeroutput 1: Timer 0 or 1 output

P72 1 /O | Port72: 1/0 port (with pull-up resistor)

TO2 Qutput | PWM output 2: 8-bit PWM timer 2 output

P73 1 /0 | Port73: 1/O port (with pull-up resistor)

TO3 Output | PWM output 3: 8-bit PWM timer 3 output

P80 1 I/0 | Port80: I/O port (with pull-up resistor)

Ti4 Input | Timerinput4: Timer 4 count/capture trigger signal input

INT4 Input | Interruptrequest pin 4: Interrupt request pin with programmable
rising/falling edge

P81 1 1/0 | Port81: I/O port (with pull-up resistor)

Ti5 Input | Timerinput5: Timer 4 count/capture triggersignal input

INT5 Input | Interruptrequest pin 5: Interrupt request pin with rising edge

P82 1 /0 | Port82: 1/0 port (with pull-up resistor)

TO4 Output | Timer output4: Timer 4 output pin

P83 1 /0 | Port83: I/0 port (with pull-up resistor)

TOS Output | Timer output5: Timer 4 output pin
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Pin name [\é#rgﬁgr 110 Functions

P84 1 /0 | Port84: I/O port (with pull-up resistor) .

Ti6 Input | Timerinput6: Timer 5 count/capture trigger signal input

INT6 Input | Interruptrequest pin 6: Interrupt request pin with
programmable rising/falling edge

P85 1 1/0 | Port85: I/0 port (with pull-up resistor)

TI7 Input | Timerinput7: Timer 5 count/capture trigger signal input

INT7 Input | Interrupt request pin 7: Interrupt request pin with rising edge

P86 1 I/0 | Port86: I/0 port {with pull-up resistor)

TO6 Output | Timer output 6: Timer 5 output pin

P87 1 /0 | Port87: I/0O port (with pull-up resistor)

INTO Input | Interruptrequest pin 0: Interrupt request pin with
programmable level/rising edge

P90 1 1/0 | Port90: I/O port (with pull-up resistor)

TXDO Output | Serial send data 0

P91 1 1/0 | Port91: I/0 port {with pull-up resistor)

RXDO Input | Serial receive data 0

P92 1 /O | Port92: 1/O port (with pull-up resistor)

CTSO Input | Serial datasend enable 0 (Clear to Send)

P93 1 1/10 | Port93: I/O port (with pull-up resistor)

TXD1 Output | Serial send data 1

P94 1 /0 | Port94: 1/O port (with pull-up resistor)

RXD1 Input | Serial receive data 1

P95 1 /0 | Port95: I/O port (with pull-up resistor)

SCLK1 I/0 | Serial clock /01

WDTOUT 1 Output | Watchdog timer output pin

NMI 1 Input | Non-maskable interrupt request pin: Interrupt request pin with

) falling edge. Can also be operated atrising edge by program.

CLK 1 Output | Clock output: Qutputs [ X1+4 ] clock. Pulled-up during reset.

EA Input | External access: 0should be inputted with TMP96C141
1, with TMP96CM40/TMPI6PMA40.

ALE 1 Output | Address latch enable

RESET 1 Input | Reset: Initializes LSI. (With pull-up resistor)

X1/X2 2 /0 | Oscillator connecting pin

VCC 2 Power supply pin (+5V)

VSS 3 GND pin (0V)

Note : Pull-up/pull-down resistor can be released from the pin by software.
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3.1

3.1.1

OPERATION

This section describes in blocks the functions and basic operations of TMP96C141
device.
Check the [ 7. Care Points and Restriction | because of the Care Points etc are
described.

CPU

TMP96C141 device has a built-in high-performance 16-bit CPU (900-CPU). (For
CPU operation, see TLCS-900 CPU in the previous section.)

This section describes CPU functions unique to TMP96C141 that are not described in
the previous section.

Reset

To reset the TMP96C141, the RESET input must be kept at 0 for at least 10 system
clocks (10 states: 1us with a 20 MHz system clock) within an operating voltage range
and with a stable oscillation.

When reset is accepted, the CPU sets as follows:

Program counter (PC) to 8000H.

Stack pointer (XSP) for system mode to 100H.

SYSM bit of status register (SR) to 1. (Sets to system mode.)

IFF2 to 0 bits of status register to 111. (Sets mask register to interrupt level 7.)
MAX bit of status register to 0. (Sets to minimum mode)

Bits RFP2 to 0 of status register to 000. (Sets register banks to 0.)

When reset is released, instruction execution starts from address 8000H. CPU internal
registers other than the above are not changed.
When reset is accepted, processing for built-in I/Os, ports, and other pins is as follows

® Initializes built-in I/0 registers as per specifications.

® Sets port pins (including pins also used as built-in I/Os) to general-purpose
input/output port mode (sets I/O ports to input ports).

® Sets the WDTOUT pin to 0. (Watchdog timer is set to enable after reset.)

e Pullsup the CLK pin to 1.

® Setsthe ALE pin to 0.
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3.2 Memory Map
Figure 3.2 is a memory map of the TMP96C141.

000000H 1
000080H Direct area (n)
000100H
000480H
64K-byte area
008000H | Interruptentry area (nn)
(32entries x 16 byte)
008200H
010000H
16M-byte area
External memory
(16M-byte) (-R)
(R+)
(R +R8/16)
(R +d8/16)
(nnn)
FFFFFFH

=Internal area)

Note: The start address after reset is 8000. Resetting sets the stack pointer (XSP) on the
system mode side to 100H.

Figure3.2 Memory map
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3.3 Interrupts

TLCS-900 interrupts are controlled by the CPU interrupt mask flip-flop (IFF2 to 0)
and the built-in interrupt controller.
TMP96C141 has altogether the following 23 interrupt sources:

® Interrupts from the CPU---3
(Software interrupts, privileged violations, and Illegal (undefined)
instruction execution)

® Interrupts from external pins (NMI, INTO, and INT4 to 7)--- 6
® Interrupts from built-in I/Os--- 14

A fixed individual interrupt vector number is assigned to each interrupt source; six
levels of priority (variable) can also be assigned to each maskable interrupt. Non-
maskable interrupts have a fixed priority of 7.

When an interrupt is generated, the interrupt controller sends the value of the
priority of the interupt source to the CPU. When more than one interupt is generated
simultaneously, the interrupt controller sends the value of the highest priority (7 for
non-maskable interrupts is the highest) to the CPU.

The CPU compares the value of the priority sent with the value in the CPU interrupt
mask register (IFF2 to 0). If the value is greater than that the CPU interrupt mask
register, the interrupt is accepted. The value in the CPU interrupt mask register IFF2
to 0) can be changed using the EI instruction (contents of the EI num/IFF<2:0> =
num). For example, programming EI 3 enables acceptance of maskable interrupts with
a priority of 3 or greater, and non-maskable interrupts which are set in the interrupt
controller. The DI instruction IFF<2:0> = 7) operates in the same way as the EI 7
instruction. Since the priority values for maskable interrupts are 0 to 6, the DI
instruction is used to disable maskable interrupts to be accepted. The EI instruction
becomes effective immediately after execution. (With the TLCS-90, the EI instruction
becomes effective after execution of the subsequent instruction.)

In addition to the general-purpose interrupt processing mode described above, there
is also a high-speed micro DMA processing mode . High-speed micro DMA is a mode
used by the CPU to automatically transfer byte or word data. It enables the CPU to
process interrupts such as data saves to built-in I/Os at high speed.

Figure 3.3 (1) is a flowchart showing overall interrupt processing.
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( Interrupt Processing }

Read Interrupt vector V.
Clear interrupt request F/F.

ector Vand
high-speed xDMA YES
start vector match

NO —
Data transfer by
micro DMA
PUSH PC
General-purpose PUSH SR |
interrupt processing SR<IFF2~0>¢ Accepted COUNT « COUNT -1 Micro DMA
interruput processing
level +1 .
SR<SYSM >« 1
| COUNT=0
— PC « V + 8000H

% Notel: In read-only mode,

always branches to NO

Interrupt processing without conditional

program branch.
RETI Instruction
POP SR
POP PC
End
310189

Figure3.3(1) Interrupt Processing Flowchart
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3.3.1

General-Purpose Interrupt Processing
When accepting an interrupt, the CPU operates as follows:

€h) The CPU reads the interrupt vector from the interrupt controller. When more
than one interrupt with the same level is generated simultaneously, the interrupt
controller generates interrupt vectors in accordance with the default priority
(which is fixed as follows: the smaller the vector value, the higher the priority),
then clears the interrupt request.

(2) The CPU pushes the program counter and the status register to the system
stack area (area indicated by the system mode stack pointer).

(3) The CPU sets a value in the CPU interrupt mask register <IFF2 to 0> that is
higher by 1 than the value of the accepted interrupt level. However, if the value is
7,7 is set without an increment.

4) The CPU sets the <SYSM > flag of the status register to 1 and enter the system
mode.

(5) The CPU jumps to address 8000H + interrupt vector, then starts the interrupt
processing routine.

In minimum mode, all the above processing is completed in (1.5 us @20

MHz). In maximum mode, it is completed in 17 states.

. Interrupt processing state number
Bus Width of stack Area
: MAX mode MIN mode
8 bit 23 19
16 bit 17 15

To return to the main routine after completion of the interrupt processing, the RETI
instruction is usually used. Executing this instruction restores the contents of the
program counter and the status registers.

Though acceptance of non-maskable interrupts cannot be disabled by program,
acceptance of maskable interrupts can. A priority can be set for each source of maskable
interrupts. The CPU accepts an interrupt request with a priority higher than the value
in the CPU mask register <IFF2 to 0>. The CPU mask register <IFF2to 0> issettoa
value higher by 1 than the priority of the accepted interrupt. Thus, if an interrupt with
a level higher than the interrupt being processed is generated, the CPU accepts the
interrupt with the higher level, causing interrupt processing to nest. The interrput
request with a priority higher than the accepted now interrupt during the CPU is
processing above (1)~(5) is accepted before the 1’st instruction in the interrupt
processing routine, causing interrpt processing to nest. (This is the same case of over
lapped each Non-Maskable interrupt (level “7”).) The CPU does not accept an interrupt
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request of the same level as that of the interrupt being processed. The CPU does not
accept an interrupt request of the same level as that of the interrupt being processed.
Resetting initializes the CPU mask registers <IFF2 to 0> to 7; therefore, maskable
interrupts are disabled.
The addresses 008000H to 0081FFH (512 bytes) of the TLCS-900 are assigned for
interrupt processing entry area.

Table3.3 (1) TMP96C141 Interrupt Table

Default Vector value High-speed
priority Type Interrupt source g Start address sTécr; ° ec'\tllé
1 Reset , or SWI0 instruction 0O0OOOH|{80O0OH -
2 INTPREV : Privileged violation, or SWI1 0010H|8010H -
3 INTUNDEF: lllegal instruction, or SWI2 0020H|8020H -
4 Non- SWI 3 instruction 0030H|8030H -
5 maskable [SWI 4 instruction 0040H{8040H -
6 SWI 5 instruction 0050H{8050H -
7 SWI 6 instruction 0060H|8060H -
8 SWI 7 instruction 0070H|8070H -
9 NMI Pin 0080H|8080H 08H
10 INTWD  : watchdog timer 0090H|8090H 09H
11 INTO pin O0OAOH|80AOQOH 0AH
12 INT4 pin OO0OBOH|80BOH 0BH
13 INTS pin 00COH|80COH 0CH
14 INT6 pin O0ODOH|80DOH ODH
15 INT7 pin OOCEOH|B8O0EOH OEH
- (Reserved) O0OFOH|8O0FOH OFH
16 INTTO : 8-bittimer0 0100H{8100H 10H
17 INTT1 : 8-bittimer! 0110H|811T0H 11H
18 INTT2 : 8-bittimer2/PWMO 0120H[8120H 12H
19 INTT3 : 8-bittimer3/PWMI1 0130H{8130H 13H
20 INTTR4  : 16-bit timerd (TREG4) 01T40H|8140H 14H
21 Maskabie |INTTR5 : 16-bit timerd (TREG5) 0150H|8150H 15H
22 INTTR6  : 16-bit timer5 (TREG6) 0160H!8160H 16H
23 INTTR7  : 16-bit timer5(TREG7) 0170H[8170H 17H
24 INTRXO  : Serial receive (Channel.0) 0180H|8180H 18H
25 INTTX0  : Serial send (Channel.0) 0190H[8190H 19H
26 INTRX1 : Serial receive (Channel.1) 0O1TAOH|81AO0H 1AH
27 INTTX1 : Serial send (Channel.1) 01BOH|831BOH| 1BH
28 INTAD : A/D conversion completion 01COH|81COH 1CH
- (Reserved) 01DOH|[81DOH 1DH
- (Reserved) 0O1TEOH|81EOQOH 1EH
- (Reserved) 01TFOH|81FOH 1FH
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3.3.2 High-speed Micro DMA

(n

In addition to the conventional interrupt processing, the TLCS-900 also has a high-
speed micro DMA function. When an interrupt is accepted, in addition to an interrupt
vector, the CPU receives data indicating whether processing is high-speed micro DMA
mode or general-purpose interrupt. If high-speed micro DMA mode is requested, the
CPU performs high-speed micro DMA processing.

The TLCS-900 can process at very high speed compared with the TLCS-90 micro
DMA because it has transfer parameters in dedicated registers in the CPU. Since those
dedicated registers are assigned as CPU control registers, they can only be accessed by
the LDC (privileged) instruction.

High-speed micro DMA operation

High-speed micro DMA operation starts when the accepted interrupt vector value
matches the high-speed micro DMA start vector value set in the interrupt controller.
The high-speed micro DMA has four channels so that it can be set for up to four types of
interrupt source.

When a high-speed micro DMA interrupt is accepted, data is automatically
transferred from the transfer source address to the transfer destination address set in
the control register, and the transfer counter is decremented. If the value in the counter
after decrementing is other than 0, high-speed micro DMA processing is completed; if
the value in the counter after decrementing is 0, general-purpose interrupt processing is
performed. In read-only mode, which is provided for DRAM refresh, the value in the
counter is ignored and dummy read is repeated.

32-bit control registers are used for setting transfer source/destination addresses.
However, the TLCS-900 has only 24 address for output. A 16M-byte space is available
for the high-speed micro DMA.

There are two data transfer modes: one-byte mode and one-word mode.
Incrementing, decrementing, and fixing the transfer source/destination address after
transfer can be done in both modes. Therefore data can easily be transferred between
I/0 and memory and between I/Os. For details of transfer modes, see the description of
transfer mode registers.

The transfer counter has 16 bits, so up to 65536 transfers (the maximum when the
initial value of the transfer counter is 0000H) can be performed for one interrupt source
by high-speed micro DMA processing.

After the data transfered by the xDMA function, the transfer counter was decreased.

When this counter is “0”H, the processor operates general interrupt processing. At
this time, if the same channel of interrupt is requried next interrupt, the transfer
counter starts from 65536.

Interrupt sources processed by high-speed micro DMA processing are those with the
high-speed micro DMA start vectors listed in Table 3.3 (1).
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X1

ALE
ADO~15
A16~23

l 1 state ’ . (Ngte 1) (No)Ee 2) (Note 3) (Note 3) (Note 3)

DM1 DM2 DM3 DM4 DM5 DM6 T DM7 DM8 ) DM9 | DM10 | DM11 | DM12 | DM13 | DM14 | DM15 | DM16
T\ I\ / I L L I\ L [\

-—— =t ———t———+— - — {A0~15 Do~ 15 ) {po~T5Y[ DO~T5 |- — — ~|— — — A0~ 15H{ D0~ 15H A0~ 15 { B0~ 15 A0~ 15 DO~ 15}
L Dummy Dummy source address esy Egn Dummy Néxt Next +2 Next +4
L/ \ / \ T\ [T
\
High-Speed «DMA cycle (COUNT+ 0)
(Ncite 1) (Nolt\e 2) (No}\e 3) (NolEe 3)

DM1 | DM2 | DM3 _\t_);/l_U DM5 | DM6 | DM7 | DM8 ‘L\Ei/M'i_/ DM10 | DM11 | DM12 | DM13 | DM14 | DM15 | DM16
AVAVAVAVAVAY AVAVAVAVAVAVAVAY AVAVAVAVAVAV AVAVAVAV AVAVAVAS
L f\ I\ T\ L T\
= — == === = — = = H{A0~15 {D0~15 }{A0~15)| DO~15 }= — — —(— — — L A0~15H DO~ 15 A0~15)— D0~15>———— =

Dutnmy Dummy source address ?&@;'fn Dummy next next +2 Dummy
\_/ \ / _
\_J
(No}i(e 4) (No'f\e 4)

DM17 | DM18 | DM19 L\D-I\//IE\OJV DM21 | DM22 ) DM23 | DM24 | DM25 | DM26 | DM27
AVAVAVAVAVAV AVAVAVAVAVAV AVAVAVAVAVAVAVAV |
L f\ f\ - -

F——— |~ ——HAo~15 {po~15 {A0~15f] DO~15 } — — ~ A0~15H DO~15H AO~15H DO~15
Dummy XgP-2 XgpP-4 Dummy Next Next + 2
\__J \
\l \___/

This is added 2 states the case of the bus width of source address

area is 8bi

This is added 2 states the case of the bus width of destination

t

address area is 8bit

High-Speed uDMA cycle (COUNT =0)

(Note3) This may be a dummy cycle with instruction queue buffer.

(Noted) Thisis added 2 states the case of the bus width of stack address
areais 8bit

VaIHSOLl
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@

The following timing chart is a high-speed xDMA cycle of the Transfer Address INC
rement mode (the other mode except the Read -only mode is same as this)
(Condition : MIN mode, 16bit Bus width for 16M Byte, 0 wait)

Transfer source address register 0
Transfer destination address register 0
Transfer counter register 0

Transfer mode register 0

Transfer source address register 1
Transfer destination address register 1
Transfer counter register 1

Transfer mode register 1

Transfer source address register 2
Transfer destination address register 2
Transfer counter register 2

Transfer mode register 2

Transfer source address register 3

Register configuration (CPU control register)
Channel0
DMASO
DMADO
I DMACO
DMAMO
Channel1 ‘
DMAS1
DMAD1
DMAC1
DMAM1
Channel2
 DMAS2
DMAD2
DMAC2
DMAM?2
Channel3
DMAS3
DMAD3

DMAC3
DMAM3

i

<8bit—|

Transfer destination address register 3
Transfer counter register 3

Transfer mode register 3

](Use only lower 24 bits.)

(1~65536)

These Control Register can not be set only “L.CD cr, r” instruction.
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(3) Transfer mode register details

(DMAMO~3)

LO 0 0 O L Mode Note : When specifying values for this
S I register, set the upper 4 bits to 0.

execution time (Min.) @20MHz

V_ Z: 0 = byte transfer, 1=word transfer %

0 0 0 Z |Transferdestination address INCmode ....... for /0 to memory 16 states
(DMADRN +) <« (DMASN)
DMACh«DMACNh -1 (1.6us)
if DMACn =0 then INT.

0 0 1 Z |Transferdestination addressDEC mode ...... for I/0 to memory 16 states
(DMADnN - ) « (DMASH)
DMACh«DMACH -1 (1.6us)
if DMACn =0 then INT.

0 1 0 Z |Transfersource addressINCmode .............. for I/O to memory 16 states
(DMADR) < (DMASNh +)
DMACn<-DMACH -1 (1.6u8)
if DMACn =0 then INT.

0 1 1 Z |Transfersource addressDECmode ............. for 1/0 to memory 16 states
(DMADN) « (DMASRh -)
DMACNn«DMACH -1 (1.6s)
if DMACn =0 then INT.

1 0 0 Z |Fixedaddressmode ... 1/0 to I/0 16 states
(DMADnR) « (DMASN)
DMACh«DMACh -1 (1.6us)
if DMACNh =0 then INT.

1 0 1 0 [Read-onlymode ..................ocoooiiiiiiiiii. for DRAM refresh 14 states
Dummy« (DMASn) ; Reads 4 bytes.
DMASN«<DMASn +4 ; Increments lower word only. (1.445)
DMACNn«DMACN -1

1 0 1 1 |Countermode .................................... for interrupt counter 11 states
DMASn«DMASN + 1
DMACn«DMACnH -1 (1.18)
if DMACh =0 then INT.

(1 state = 100ns)
This condition is 16-bit bus width and 0 wait of source / destination address space.
Note : n: corresponds to high-speed «DMA channels 0-3.
DMADn +/DMASn + : Post-increment (Increments register value after

transfer.)
DMADn —/DMASn — : Post-decrement (Decrement register value after transfer.)

All address space (the space for system mode) can be accessed by high-speed ,DMA.
Do not use undefined codes for transfer mode control.
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<Usage of read only mode (DRAM refresh) >

When the hardware configuration is as follows:
DRAM mapping size: =1MB
DRAM data bus size: =8 bits
DRAM mapping address range: =100000H to 1IFFFFFH

Set the following registers first; refresh is performed automatically.

@O Register initial value setting
LD XIX, 100000H

LDC DMASO, XIX - mapping start address
LD A, 00001010B
LDC DMAMO, A --- read only mode (for DRAM refresh)

@ Timer setting
Set the timers so that interrupts are generated at intervals of 62.5 s or less.

® Interrupt controller setting
Set the timer interrupt mask higher than the other interrupts mask. Write
the above timer interrupt vector value in the High-Speed «DMA start vector
register, DMAOV.

(Operation description)

The DRAM data bus is an 8-bit bus and the high-speed micro DMA is in read- onIy
mode (4 bytes), so refresh is performed for four times per interrupt.

When a 512 refresh/8ms DRAM is connected, DRAM refresh is performed
sufficiently if the high-speed micro DMA is started every 15.625,s X 4 = 62.4us or
less, since the timing is 15.625us/refresh.

(Overhead)

Each processing time by the high-speed micro DMA is 1.8.s (18 states) @20 MHz
with an 8-bit data bus.
In the above example, the micro DMA is started every 62.5.s, 1.848/62.5us = 0.029;
thus, the overhead is 2.9%.

(Note)

When the Bus is released (BUSAK =%“0") which must wait to accept the interrupt,
DRAM refresh is not performed because of the high-speed DMA is generated by an
interrupt.

3.3.3 Interrupt Controller

Figure 3.3.3 (1) is a block diagram of the interrupt circuits. The left half of the
diagram shows the interrupt controller; the right half includes the CPU interrupt
request signal circuit and the HALT release signal circuit.
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Each interrupt channel (total of 20 channels) in the interrupt controller has an
interrupt request flip-flop, interrupt priority setting register, and a register for storing
the high-speed micro DMA start vector. The interrupt reqﬁest fip-flop is used to latch
interrupt requests from peripheral devices. The flip-flop is cleared to 0 at reset, when
the CPU reads the interrupt channel vector after the acceptance of interrupt, or when
the CPU executes an instruction that clears the interrupt of that channel (writes 0 in the
clear bit of the interrupt priority setting register).

For example, to clear the INTO interrupt request, set the register after
riiction as follows.

INTEOAD « ---- 0 --- Zero-clears the INTO Flip Flop.

The status of the interrupt request flip-flop is detected by reading the clear bit.
Detects whether there is an interrupt request for an interrupt channel.

The interrupt priority can be set by writing the priority in the interrupt priority
setting register (eg, INTEOAD, INTE45, etc.) provided for each interrupt source.
Interrupt levels to be set are from 1 to 6. Writing 0 or 7 as the interrupt priority disables
the corresponding interrupt request. The priority of the non-maskable interrupt (NMI
pin, watchdog timer, etc.) is fixed to 7. If interrupt requests with the same interrupt
level are generated simultaneously, interrupts are accepted in accordance with the
default priority (the smaller the vector value, the higher the priority).

The interrupt controller sends the interrupt request with the highest priority among
the simultaneous interrupts and its vector address to the CPU. The CPU compares the
priority value <IFF2 to 0> set in the Status Register by the interrupt request signal
‘with the priority value sent; if the latter is higher, the interrupt is accepted. Then the
CPU sets a value higher than the priority value by 1 in the CPU SR<IFF2 to 0>.
Interrupt requests where the priority value equals or is higher than the set value are
accepted simultaneously during the previous interrupt routine. When interrupt
processing is completed (after execution of the RETI instruction) , the CPU restores the
priority value saved in the stack before the interrupt was generated to the CPU
SR<IFF2to 0>.

The interrupt controller also has four registers used to store the high-speed micro
DMA start vector. These are I/O registers; unlike other high-speed micro DMA
registers (DMAS, DMAD, DMAM, and DMAC), they can be accessed in either normal or
system mode. Writing the start vector of the interrupt source for the high-speed micro
DMA processing (see Table 3.3.(1)), enables the corresponding interrupt to be processed
by high-speed micro DMA processing. The values must be set in the high-speed micro
DMA parameter registers (eg, DMAS and DMAD) prior to the high-speed micro DMA
processing.
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Interrupt controller CPU
Interrupt request flip flop
NI S Q T 1\
RESET R ~
Interrupt I
vector Vread
V =80H Interrupt enable RESET
INTWD A V =90H Y . flag on CPU side
— - nterrupt request
Priority setting register Decod:; signaltz CPS |FF2~0 < El 1~7
Dn ——> —__' > Priority encoder -—
one1—={D Q H=)— Ao /F \ ”
n+ Z 1
bnsz—=| CLR 8 li ?;, ) Highest AN s \ 3 Interrunt
3 orit: 3 INTRQ2~ nterrup
— :(D—) <o 16 3 ipnrt]erruypt B v Qt 0 3 level detect [ 1 'ntemsji’;tn;elquen
nterru
Interrup't:/F Y6 6 ), ;‘ levelselect C[™ yocror rpead *
equest .
o s qQ o3 ~NNs 0o if INTRQ2~02IFF2~0
- 2 D1 then 1.
R Interrupt request flip flop read D2
R (Highest priority = 7)
Interrupt request clear Dn + 3 20 b3
Interrupt request V read V =AOH I D4
INT4 A V =BOH - W interrupt D5
- vector D6
INTS A V= COH ) generation D7
INT6 A V =DOH A 08 Ouring IDLE
INT7 A V =EOH During STOP
INTTO A V=100H )
INTT1 A V=110H A
INTT2 A V=120H ) s
INTT3 A V = 130H A 1
INTTRA A V = 140H v
INTTRS A V =150H
INTTR6 A V= 160H A
INTTR7 A V=170H N HALT release
INTRXO A V = 180H A
INTTXO A V=190H A RESET
INTRX1 A V= 1A0H y
INTTX1 A V = 1BOH A INTO
INTAD A V=1C0H 2,/ NMI
HMDMA start vector setting register 4input OR
D4 —> 4 ] > High-speed micro
D3 —>
o2 | D Q % .’5, e DMA request
D1 —> detect
DO —> CLR > 0
RESET—J 1 ApP—__ 2 2 High-speed micro
DMAQOV 2 8 [ DMA channel
\ DMA1V 3 specification
X DMA2V High-speed micro DMA channel
! DMA3V priority encoder
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(1) Interrupt priority setting register
{Read-modify-write prohibited.)
Symbol | Address 7 6 5 i 4 3 2 1 oo
INTAD INTO <«Interrupt source
IADC_: IADM2 : IADM1 : IADMO | 10C 10M2 : jOM1_: 10MO ] «bitSymbol
INTEOAD | 0070H RW | W RIW W «—Read/Write
0 { 0 { 0 ! 0 0 : 0 : 0 ! 0 «—After reset
INTS : INT4
15C 15M2 I5M1 I5M0 14C 14M2 14M1 14M0O
INTE4S 0071H
RIW W R/W W
0 P00 i 0 : 0 0 H 0 i 0 : 0
) INT7 INT6
17C 17M2 7M1 17MO 16C 16M2 16M1 16MO
INTE67 0072H RW W RW W
0 : 0 : 0 : 0 0 : 0 : 0 : 0
INTT1 (Timer1) INTTO (Timer0)
ITIC §ITIM2 & ITIMI IT1MO0 ITOC @ 1TOM2 : ITOM1 : ITOMO
INTET1 73H + - + - -
0| o073 R/W W R/W W
0 i 0 i 0 i 0 0 i 0 i 0 i 0
INTT3 (Timer3/PWM 1) INTT2 (Timer2/PWMO)
iNTEPW10| 0074H IPW1C EIPW1MZ;IPW1IVI1 (IPWIMO | IPWOC EIPWOMZ;IPW0M1 :IPWOMO
RIW W R/IW W
0 f o f o o0 0o i o f o ! o
INTTRS (TREG5S) INTTR4 (TREG4)
. IT5C i IT5M2 : [T5M1 IT5MOQ IT4AC @ ITAM2 : (T4M1 : [T4MO
INTETS4 0075H W W Py W
0 ) HE i 0 0 0 0 P00
i INTTR7 (TREG7) INTTR6 (TREG6)
IT7C_: IT7M2  IT7M1 § IT7M0 | IT6C : IT6M2 | IT6BM1 i IT6MO
INTET7 76H o
6 0076 RIW W RIW W
0 P00 H 0 : 0 0 H 0 P00 )
INTTX0 INTRXO
INTESO 0077H ITX0C : ITXOM2 @ ITXOM1 : ITXOMO | IRX0C IRXOM2 : IRXOM1 : IRXOMO
RIW_: w RIW_ w
0 i 0 P00 : 0 0 : 0 i 0 : 0
INTTX1 INTRX1
ITX1C FITXIM2 S ITXIMT §ITXTMO | IRX1C TIRXIM2 § IRX1M1 { IRX1MO
INTES1 78H T - - T - -
5 0078 R/W w RIW H _ W .
0 0 0 0 0 : 0 i 0 : 0
I I Il ]
3 I |
J
L» IxxM2 IxxM1 IxxMO Function (Write)
0 0 0 Prohibits interrupt request.
0 0 1 Sets interrupt request level to “1".
0 1 0 Sets interrupt request level to "2".
0 1 1 Sets interrupt request level to “3”.
1 0 0 Sets interrupt request level to “4”.
1 0 1 Sets interrupt request level to "5”".
1 1 0 Sets interrupt request level to “6".
1 1 1 Prohibits interrupt request.
L IxxC Function (Read) Function (Write)
0 Indicates no interrupt request. Clears interrupt request flag.
1 Indicates interruptrequest. | ----- Don'tcare-----
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(2) Externalinterrupt control

Interrupt Input Mode Control Register

7 6 5 4 3 2 1 0
IIMC | bit Symbol 101E 10LE NMIREE
(007BH) Read/Write W w w
After reset 0 0 0
1: INTO 0: INTO 1: Canbe
input- edge operated
. enable mode in NMI
Function .
1. INTO rising
level edge.
mode
Read-modify-write is J
prohibited.
> INTO input enable (Note) L> NMT rising edge enable
0 |INTOdisable (P87 function only) O |Interrupt requestgeneration at
1 | Inputenable falling edge

1 | Interrupt request generation at
Note: The INTO pin can also be used for standby release as described later. falling/rising edge
Even if the pin is not used for standby release, setting this register to
“0” maintains the port function during standby mode.

— INTO level enable

0 | Rising edge detect interrupt

High level interrupt

Setting of External interrupt Pin Functions

Interrupt | Pin name Mode Setting method

"\_  Fallingedge |IIMC<NMIREE> =0

NMI - - falling and Rising IMCSNMIREES = 1
U_ edges -

£ Risingedge |HIMCCIOLEY =0, <IOIE> = 1
INTO P87

7T Level HMCCIOLED = 1, <IOIE> = 1

£ Risingedge |TAMOC<CAP12M1,0> = 0,000r0,10r 1,1
INT4 P80

“\_ Fallingedge |T4MOD<KCAP12M1,0>=1,0
INT5 P81 4 Rising edge

_/— Rising edge T5MOC<CAP34M1,0> = 0,00r0,10r 1,1
INT6 P84

"\ Fallingedge |TSMODCCAP34M1,05=1,0
INT7 P85 _f  Rising edge _
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®3)

(@)

High-speed micro DMA start vector

When the CPU reads the interrupt vector after accepting an interrupt, it
simultaneously compares the interrupt vector with each channel's high-speed micro
DMA start vector (bits 4 to 8 of the interrupt vector). When both match, the interrupt is
processed in high-speed micro DMA mode for the channel whose value matched.

If the interrupt vector matches more than one channel, the channel with the lower
channel number has a higher priority.

Micro DMAO Start Vector (read-modify-write is not possible.)

7 i 6 i 5 4 1 3 i 2 i1 i
DMAQV |bit Symbol DMAOVS | DMAOV7 | DMAOVE i DMAOVS i DMAOVA
(007CH) Read/Write w
After reset o i o i 0o i 0 i 0
Micro DMAT1 Start Vector (read-modify-write is not possible.)
7 i 6 i 5 4 1 3 1 o2 i o1 i
DMA1V  [bit Symbol DMA1V8 | DMATV7 | DMAIV6 i DMATVS | DMA1IV4
(007DH) Read/Write w
After reset 0 0 0 0 0
Micro DMAZ Start Vector (read-modify-write is not possible.)
7 L 6 i 5 4 1 3 i 2 i1 i 0
DMA2V |bit Symbol DMA2V8 | DMA2V7 | DMA2V6 i DMA2V5 | DMA2V4
(007EH) Read/Write w
After reset 0 0 0 0 0
Micro DMA3 Start Vector (read-modify-write is not possible.)
7 i 6 i s 4 1 3 i 2 i 1 i 0
DMA3V |bit Symbol DMA3V8 | DMA3V7 | DMA3V6 | DMA3VS | DMA3V4
(007FH) Read/Write w
After reset 0 0 0 0 0
Notes

The instruction execution unit and the bus interface unit of this CPU operate
independently of each other. Therefore, if the instruction used to clear an interrupt
request flag of an interrupt is fetched before the interrupt is generated, it is possible that
the CPU might execute the fetched instruction to clear the interrupt request flag while
reading the interrupt vector after accepting the interrupt. If so, the CPU would read the
default vector 00AOH and start the interrupt processing from the address 80AOH.

To avoid this, make sure that the instruction used to clear the interrupt request flag
comes after the DI instruction.
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3.4 Standby Function

When the HALT instruction is executed, the TMP96C141 enters RUN, IDLE, or
STOP mode depending on the contents of the HALT mode setting register.

(1) RUN : Onlythe CPU halts; power consumption remains unchanged.

(2) IDLE : Oanly the built-in oscillator operates, while all other built-in circuits
halt. Power consumption is reduced to 1/10 or less than that during
normal operation.

(3) STOP : Allinternal circuits including the built-in oscillator halt. This greatly
reduces power consumption.

The states of the port pins in STOP mode can be set as listed in Table 3.4 (1) using the
1/0 register WDMOD <DRVE > bit.

7 i 6 i 5 o4 i3 2 i1 )
WDMOD | bit Symbol | WDTE | WDTP1 | WDTPO | WARM ; HALTM1 { HALTMO | RESCR : DRVE
(005CH) Read/Write R/W
After reset I I I T e
1:WDT | 00:2%/fc ‘Warming :Standby mode £1:Connects £ 1 : Drive
Enable | 01:2'%/fc uptimeg 00:RUN mode |watcdog :pin even
Function 10294 (0224 /fc © 01:5TOP mode %_::le:m fin STOP
Pt f1:29/fc i 10:IDLE  mode ERES';pm mode.
Detection time : i 1:Don'tcare  jnerally

When STOP mode is released by other than a reset, the system clock output starts
after allowing some time for warming up set by the warming-up counter for stabilizing
the built-in oscillator. To release STOP mode by a reset, it is necessary to allow a reset
time long enough to allow the oscillator to stablilize.

To release standby mode, a reset or an interrupt is used. To release IDLE or STOP
mode, only an interrupt by the NMI or INTO pin, or a reset can be used. The details are
described below.

Standby Release by Interrupt

Interrupt level || |nterrupt mask (IFF2 to 0) Interrupt mask (IFF2 to 0)
Standby mode =interrupt request level >interrupt request level

Can be released by any interrupt. | Can only be released by INTO pin.
RUN After standby mode is released, Processing resumes from address
interrupt processing starts. (Note) |nextto HALT instruction.

Can only be released by NMl or
INTO pin. After standby mode is 1
released, interrupt processing
starts. (Note)

IDLE

STOP 1 (Note) 1
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Table 3.4 (1) Pinstatesin STOP mode

. 96C141 96CM40/96PM40
Pin name 110
DRVE=0 | DRVE=1 | DRVE=0 | DRVE=1
PO Input mode / ADO~7 - - - -
Output mode X X - Output
P1 Input mode /AD8~15 - - - -
Output mode / A8~15 X X - Output
P2 Input mode PD* PD* PD* PD*
Output mode/A0~7, A16~23 PD* Output PD* Output
P30 (RD), P31 (WR) Output - "1” Qutput - Output
P32~pP37 Input mode PU PU
Output mode PU Output
P40, P41 Input mode PU* PU
Output mode PU* Output
P42 (CS2/ CAS2) Input mode PD* PD
Output mode PD* Qutput
PS5 Input . - -
P6 Input mode . PU* PU
Qutput mode PU* Qutput
p7 Input mode PU* PU <
Output mode PU* Output
P80~P86 Input mode PU* PU
Output mode PU* Output
P87 (INTO) Input mode PU PU
Output mode PU Output
P9 Input mode PU* PU
Output mode Output
NMI Input
WDTOUT Output Output Output
ALE Output "0" "0
CLK Qutput - "
RESET Input
EA Input , Input Input
X1 input ; - ~-
X2 Output " "

- 1 Input forinput mode/input pin is invalid; output mode/output pin is at high impedance.
:  Inputenablestate .

Input : Inputgatein operation. Fix input voltage to 0 or 1 so that input pin stays constant.

Output: Outputstate

PU Programmable pull-up pin. Fix the pin to avoid through current since the input gate operates when a
pull-up resistor is not set.

PD . Programmable pull-down pin. Fix the pin like a pull-up pin when a pull-down resistor is not set.

* . Input gate disable state. No through current even if the pin is set to high impedance.

X . Cannotset.

Note: Portregisters are used for controlling programmable pull-up/pull-down. If a pin is also used
for an output function (eg, TO1) and the output function is specified, whether pull-up or
pull-down is selected depends on the output function data. If a pin is also used for an input
function, whether pull-up or pull-down is selected depends on the port register setting
value only.
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3.5 Functions of Ports

The TMP96CM40/TMP96PM40 has 65 bits for /O ports. The TMP96C141 has 47
bits for I/O ports because Port0, Portl, P30, and P31 are dedicated pins for ADO to 7,
AD8to015,RD, and WR.

These port pins have I/O functions for the built-in CPU and internal I/Os as well as
general-purpose 1/0 port functions. Table 3.5 lists the function of each port pin.

. (R: 1 =With programmable pull-up resistor
Table 3.5 Functions of Ports | = With programmable pull-down

Port name | Pin name Numper Direction | R Dlr'ectlon. Pin name fgr built-in
of pins setting unit function
Port0 PO0~PO7 8 110 - Bit ADO~AD7
Port1 P10~P17 8 110 Bit AD8~AD15/A8~A15
Port2 P20~P27 8 110 Bit AQ0~A7/A16~A23
Port3 [P30 1 Output | - (Fixed) RD
P31 1 Output | - (Fixed) WR
P32 1 /0 1 Bit HWR
P33 1 /10 1 Bit AT
P34 1 110 1 Bit BUSRQ
P35 1 1/0 T Bit BUSAK
P36 1 110 T Bit RAW
P37 1 110 T Bit RAS
Portd |P40 1 110 1 Bit CS0/TASO
P41 1 I/0 : Bit CS1/CAST
P42 1 1/0 1 Bit CS2/CAS2
Port5 P50~P53 4 Input - (Fixed) ANO~AN3
Port6 P60~P67 8 110 T Bit PG00~PGO3, PG10~PG13
Port7 P70 1 1/0 T Bit TiO
P71 1 110 T Bit TO1
P72 1 /10 T Bit TO2
P73 1 1/0 T Bit TO3
Port8 P80 1 1/0 T Bit TI4/INT4
P81 1 1/0 T Bit TI5/INTS
P82 1 110 T Bit TO4
P83 1 1/0 T Bit TOS5
P84 1 /0 T Bit TI6/INT6
P85 1 110 1 Bit TIZANT7
P86 1 110 1 Bit TO6
P87 1 110 1 Bit INTO
Port9 P90 1 1/0 1 Bit TXDO
P91 1 1/0 T Bit RXDO
P92 1 1/0 T Bit CTS0 (Note)
P93 1 110 T Bit TXD1
P94 1 110 1 Bit RXD1
P95 1 110 T Bit SCLK1
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Resetting makes the port pins listed below function as general-purpose I/O ports.
I/0 pins programmable for input or output function as input ports.
To set port pins for built-in functions, a program is required.

Notes on bus release:

When buses are released (BUSAK = 0), the TMP96C141/TMP96CM40/TMP96PM40
sets the output buffer for AD0-AD15, A0-A23, and bus control signals (RD, WR, HWR,

R/W, RAS, CS0/CAS0-CS2/CAS2) to off to set them to high impedance. The internal

programmable pull-up/pull-down resistors continue to operate.

Resistors are

programmable only for operations in input mode; not in output mode.

Pin states at bus release are shown below:

) Pin state at bus release
Pin name
Port mode Function mode
P00-PO7 No status change (not set to Set to high impedance.
(AD0-AD7) high impedance)
P10-P17 Sets to high impedance.
(AD8-AD15)
P30 (RD) Sets to high impedance.
P31 (WR).
P32 (HWR) Sets output buffer to off. Sets output buffer to off. Internal pull-up
P37 (RAS) Internal pull-up resistor is resistor is selected regardless of output latch
selected only when output value.
latchissetto 1.
P36 (RAW) Sets output buffer to off. Sets output buffer to off. Regardless of
P40 (CSO/CASO) |Internal pull-up resistor is output latch value, internal pull-up resistor is
P41 (CS1/CAST) |selected only when output selected or notdepending on bus release
latch issetto 1. timing.
P20-P27 Sets output buffer to off. Sets output buffer to off. Regardless of
(A16-A23) Internal puli-down resistor is output latch value, internal pull-down resistor
P42 (CS2/CAS2) |selected only when output is selected or not depending on bus release
latch is set to 0. timing.
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Below shows an example of the external bus interface for the above signals when
using the bus release function.

However, when buses are released, internal memory and internal I/Os cannot be
accessed; they function as internal I/Os only. Thus, the watchdog timer continues
counting, with bus release function, take bus release time into consideration when
setting the runaway detect time.

TMP96C141/TMP96CMA40/TMPI6PM40

P35 (BUSAK)

Several k ohms

P42 (CS2)

P30 (RD)
P31 (WWR) g System control bus

—_

P32 (HWR)
P36 (RAW) ~
P37 (RAS)
P40 (CS0)
P41 (CS1)

P20 (A16)
§ > Upper address bus (A23~A16)
P27 (A23) i

Example of external bus interface using bus release function

When an external pull-up/pull-down resistor is selected to ensure the signal levels
at bus release, the above circuit is required.

Reset sets P30 (RD) and P31 (WR) to output mode. P40-P41 (CS0-CSI), P32
(HWR), P36 (R/W), P37 (RAS), and P35 (BUSAK) are set to input mode using a pull-
up resistor. P42 (CS2) and P20-P27 (A16-23) are set to input mode using a pull-down
resistor. The above circuit is required because if P42 (CS2) is directly pulled up
externally, after a reset the internal pull-down conflicts with the external pull-up
and, as a result, the level becomes undefined. The pull-up resistor value must be set
to several k ohms because the internal pull-down resistor value is set to 50k -150k
ohms.

With P20-27 (A16-23), the same circuit as that for P42 (CS2) is required for
external pull-up. However, unlike CS2, A16-23 are not active even at low level; thus,
directly pull down (as in the above example) for a system where low level is
acceptable.
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3.5.1 Port 0 (P00 - PO7)

Port 0 is an 8-bit general-purpose I/O port. I/O can be set on a bit basis using the
control register POCR. Resetting resets all bits of POCR to 0 and sets Port 0 to input
mode.

In addition to functioning as a general-purpose /O port, Port 0 also functions as an
address data bus (ADO to 7). To access external memory, Port 0 functions as an address
data bus (ADO to 7) and all bits of the control register POCR are cleared to 0.

Y
Reset
Direction control
w {on bit basis)
>
Q
POCR write

@
-
iy Output
© P

latch e - Pc())régpm
; Output buffer (ADO~AD7)
c PO write
[ <1
-
- L
) TJ——CP:_

N PO read
Figure 3.5 (1) Port0
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3.5.2 Port 1 (P10-P17)

Port 1 is an 8-bit general-purpose I/O port. I/O can be set on a bit basis using control
register P1CR and function register P1IFC. Resetting resets all bits of output latch P1,
control register P1ICR, and function register P1FC to 0 and sets Port 1 to input mode.

In addition to functioning as a general-purpose I/O port, Port 1 also functions as an
address data bus (AD8 to 15) or an address bus (A8 to 15)

Reset
Direction control
(on bit basis)
Ao
- P1CR write
> | 2
. Function control
© (on bit basis)
-
© A
o P1FC write
© Output Port 1
c latch ‘—D P10~P17
" Output buffer (AD8~AD15/A8~A15)
- P1 write
- o
/‘T—GO;
N

P1read

Figure 3.5(2) Port1
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Port 0 Register
7 i 6 i 5 i 4 i 3 i 2 i 1 0
PO bit Symbol [ P07  PO6 : POS : PO4 i PO3 . PO2 : POI POO
(0000H) Read/Write R/W
After reset Input mode (Output latch register becomes undefined.)
Port 0 Control Register
7 ¢ 6 i 5 i a4 i 3 i 2 i 4 0
POCR |bit Symbol | PO7C : POBC PO5C PO4C P03C P02C PO1C POOC
(0002H) Read/Write w
After reset o ¢ o ¢ o i o i 0 i 0o i o 0
Function 0:IN 1:0UT (At external access, Port 0 becomes AD7 - 0 and POCR is cleared to 0.)
L——> Port 0 1/0 setting
0 [Input
Port 1 Register ! |Qutput
7 ¢ 6 i 5 i 4 1 3 i 2 i 1 0
P1 bit Symbol| P17 i P& i P15 i P14 | P13 P12 P11 P10
(0001H) Read/Write R/W
After reset Input mode (Output latch register is cleared to “0".)
Port 1 Control Register
7 ¢ 6 i 5 i 4 i 3 i 2 i 0
PICR [bit Symbol| P17¢ | Pl6C : PI5C : P14C P13C © P12C Pi1C i P10C
(0004H) Read/Write w
After reset o ¢ 0o ¢ 0o { 0 i 0 i 0 i 0 0
Function < <See P1FCbelow.>>
Port 1 Function Register
7 ¢ 6 i 5 i 4 i 3 i 2 i 0
P1FC  |bit Symbol | P17F P16F PISE | PI4F PI3F : P12F | PIIF P10F
(OOOSH) Read/Write W
After reset o ¢ o ¢ o i o i o ¢ 0o i 0 0
Function P1FC/PICR=00:IN,01: OUT, 10: AD15-8, 11: A15-8
Read-modify-write is ]—> Port 1 function setting
prohibited for registers POCR, 1FC<PIXF>
P1CR, and P1FC. P1CR 0 1
<PIXC>
0 Input port Addé'zss fisa_%a) bus
1 Output port Ad((ir1e55f8t;us

Note: <Pi1XF> isbitXin register PIFC; <P1XC>,in register P1CR.

Figure 3.5 (3) Registers for Ports 0 and 1
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353  Port2(P20-P27)

Port 2 is an 8-bit general-purpose I/O port. I/O can be set on bit basis using the
control register P2CR and function register P2FC. Resetting resets all bits of output
latch P2, control register P2CR and function register P2FC to 0. It also sets Port 2 to

input mode and connects a’ To disconnect the pull-down resistor,

write 1 in the output latch.
In addition to functioning as a general-purpose I/O port, Port 2 also functions as an
address data bus (A0 to 7) and an address bus (A16 to 23).

M~ Reset
Direction control
(on bit basis)
P2CR write
" ) —J
>
2 Function control
© (on bit basis)
-
[ .
o P2FC write
© Output y\]\
. Port2
N latch L — c;30~P27
o Output buffer (AO~AT7/A16~A23)
: P2 write
— N-ch
1
1@*' (Programmable )
P pull-down
™~ P2 read

3.5(4) Port2
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Port 2 Register
7 6 : 5 i 4 i 3 i 2 1 0
P2 bit Symbol . P27 P26 i P25 | P4 i P23 | P2 P21 P20
(0006H) | Read/write R/W
After reset Input mode (Output latch register is cleared to “0”.)
Port 2 Control Register
7 6 | 5 i 4 i 3 i 2 1 0
P2CR  |bit Symbol | P27C P26C : P25C : P24C P23C | P22C P21C P20C
(0008H) Read/Write w
After reset 0 o i 0 i 0 o i o0 0 0
Function < <See P2FCbelow.>>
Port 2 Function Register
7 6 : 5 i 4 i 3 i 2 1 0
P2FC bit Symbol | P27F P26F | P25F  P24F P23F P22F P21F P20F
(0009H) Read/Write w
After reset 0 0 0 0 0 0 H 0 0
Function P2FC/P2CR=00: IN,01: OUT, 10: A7-0, 11 : A23-16

Read-modify-write is
prohibited for registers

P2CR and P2FC.

L> Port 2 function setting

R 2FC<P2XF>

0 1
<P2XC>
0 Input adt(ﬂres_s bus
1 Output address bus

(A23-16)

Note: <P2XF> isbit Xin register P2FC; <P2XC>; in register P2CR.
To set as an address bus A23~16, set P2FC after setting P2CR.

Figure 3.5 (5) Registers for Port 2
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3.5.4 Port 3 (P30 -P37)

Port 3 is an 8-bit general-purpose I/0 port.

1/O can be set on a bit basis, but note that P30 and P31 are used for output only. I/O is
set using control register P3CR and function register P3FC. Resetting resets all bits of
output latch P3, control register P3CR (bits 0 and 1 are unused), and function register
P3FC to 0. Resetting also outputs 1 from P30 and P31, sets P32 to P37 to input mode,
and connects a pull-up resistor.

In addition to functioning as a general-purpose I/O port, Port 3 also functions as an
I/0 for the CPU’s control/status signal.

With the TMP96C141, when P30 pin is defined as RD signal output mode (<P30F >
= 1), clearing the output latch register <P30> to 0 outputs the RD strobe (used for the
pseudo static RAM) from the P30 pin even when the internal address area is accessed.

If the output latch register <P30> remains 1, the RD strobe signal is output only
when the external address area is accessed.
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’\w

Reset

Function
control

(on bit basis)

A
P3FC write

1

For TMP96C141 mode

S

Internal data bus

o

Output

IS

latch

P3 write

Reset

[

Direction
ol

data bus

Internal

control
(on bit basis)

Selector

L
OQutput buffer

P3CR write

—

Function

control
(on bit basis)

P3FC write
0

S
Output

N

P-ch(

P30(RD)
P31(WR)

Programmable )

pull-up

latch

P3 write

d

Selector

el

2

L~

Output buffer

HWR, BUSAK, RW, RAS

Lom
TJ—CP:—-.

P3 read

Figure 3.5 (6) Port 3 (P30, P31, P32, P35, P36, P37)

{] P32(HWR)

P35(BUSAK)
P36(R/W)
P37(RAS)
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(M
Reset

4

Direction
control
(on bit basis)

* g Programmable
P3CR write Do P-Ch<pu“§-’up : )
i
S
Output , > - {1 P33 (WA

latch
Output buffer

data bus

P3 write

Internal

Internal P3 read
WAIT

J ¢

Reset

[

Direction
control
(on bit basis)

4
P3CR write
3
Function

control
(on bit basis)

data bus

? : _ Programmable
P3FC write Do B P ch(pu”_up )
Y

S
Output , M . P34 (BUSRQ)
latch L B

Internal

P3 write

TJ—CP;_

Internal P3 read
BUSRQ

Figure 3.5(7) Port3 (P33, P34)
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Port 3 Register

7 ¢ 6 i 5 i 4 i 3 t{ 2 i 1 i g
P3 bit Symbol | P37 i P36 i P35 P34 : P33 i P32 | P31 P30
(0007H) Read/Write R/IW
Input mode (pulled-up) Output mode
After reset : T : T T ; :
1 : 1 : 1 : 1 : 1 : 1 : 1 i 1

Port 3 Control Register

7 ¢ 6 : 5 i a4 i 3 1 2 i {1 i 9
P3CR  |bit Symbol| P37C { P36C : P35C : P34C i P33C : P32 | :
(000AH) Read/Write W
o i o i o i 0o i o0 o i
After reset * :
0:IN 1:0UT :
]
I 1/0 setting
0 |Input
Port 3 Function Register 1_jOutput
7 1 6 5 i a4 i 3 i 2 i 1 i 0
P3FC  |bit symbol| P37F | P36F i P35F i P34F | i P32F i P31F | P30F
(0008H) Read/Write w
After reset 0 O R i0 oo 0
0:PORT :0:PORT (0:PORT :0:PORT ‘i {0:PORT (0:PORT i0:PORT
Function |:RAS  {1:RW {1:BUSAK |1:BUSRQ | {:AWR {1:WR  {1:RD

Read-modify-write is —l

prohibited for registers
P3CR and P3FC.

P30 (RD) function setting

<P30>
BUSRQ setting 0 1

P3FC <P34F> | 1 P30F

0 “0" output | “1” output
P3CR<P34C> | 0 — —
Always RD RD output only
1 output (for for external

—> BUSAK setting pseudo SRAM) | access

P3FC <P35F> 1
P3CR <P35C> 1

L—> P31 (WR) function setting

<P31>
) 0 1
——————> R/W setting <P31F
P3FC <P36F> 1 0 “0" output |"1" output
P3CR <P36C> | 1 1 WR output only for

external access

RAS setting
P3FC <P37F> 1
P3CR <P37C> 1

L— HWR setting
P3FC <P32F> 1
P3CR <P32C> | 1

Note)  When P33/WAIT pin is used as a WAIT pin, set PZCR<P33C> to “0” and Chip Select/ WAIT control register
<BnW1,0>to "10".

Figure3.5 (8) Registers for Port 3
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3.5.5 Port 4 (P40 - P42)

Port 4 is a 3-bit general-purpose I/O port. I/O can be set on a bit basis using control
register PACR and function register P4AFC. Resetting does the following:

Sets the P40 and P42 output latch registers to 1.

Resets all bits of the P42 output latch register, the control register PACR, and the
function register PAFC to 0.

Sets P40 and P41 to input mode and connects a pull-up resistor.
Sets P42 to input mode and connects a pull-down resistor.

In addition to functioning as a general-purpose I/O port, Port 4 also functions as a

chip select output signal (CS0 to CS2 or CASO to CAS2).
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data bus

Internal

2 !

Reset

[

Direction
control

(on bit basis)

A
P4CR write

Function
ol

contr
(on bit basis)

A
P4FC write

-

P-ch

Do

'\

Programmable )
puil-up

S
Output

latch

P4 write
1

Selector

A
B
T

> :
Output buffer

CS0/CASD, CS1/CAST |

Lo
LC;O;__.

Reset

P

Direction

—

control
(on bit basis)

Y

P4 read

A
P4ACR write

Function
control

data bus

{on bit basis)

A
P4FC write

I
R

Internal

A

N

{] P40 (CSO/CASO),
P41 (CST/CAST)

Output

latch

)
P4 write
-1

Selector

B
[—>

CS2/CAS2

l/
Output buffer

- [« N-ch

Programmable )
pull-down

o=
Ll |

P4 read

Figure 3.5(9) Port4

{] P42 (CS2/CAS2)
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Port 4 Register

7 i 6 i 5 i 4 i 3 1 2 i 1 I g
P4 bit Symbol  pazc | Paic i paoC
(000CH) [geagmrite RIW
; : : : : Input mode
After reset H T T
EO(PullAdown) : 1 (Pull-up) ¢ 1{Puli-up)
Port 4 Control Register
7 ¢ 6 i s i 4 i 3 i 2 i 1 I g
P4CR  |bit Symbol fopa2c | Pa1C | PaoC
(000EH) Read/Write w
: : ' : P00 oo
After reset 0N T ouT
1
|————J>vo setting
0 [input
1 | Output
Port 4 Function Register
7 ¢ 6 ¢ 5 i o4 i 3 2 i 1 i 9
PAFC  {bit Symbol i paF | PaIF | paoF
(0010H) Read/Write \
After reset P00 oo
Function i 0:PORT  1:CS/CAS

]

Read-modify-write is not
possible for P4CR or P4FC.

0 |Port(P40)
1 {CS0/CASO

0 |Port(P41)
1 |CST1/CAST

0 |[Port(P42)
1 |C52/CAS2

Note: To output chip select signal (CS0/CASO to CS2/CAS2), set the corresponding bits of the
control register PACR and the function register PAFC.
The BOCS, B1CS, and B2CS registers of the chip select / wait controller are used to select

the CS/CAS function.
290591

Figure 3.5 (10) Registers for Port 4
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3.5.6 Port 5 (P50 - P53)
Port 5 is a 4-bit input port, also used as an analog input pin.

b 1

-g \[\J D Port5

° P50~P53

= Port 5 read (ANO~ANS3)

Kl

©

[d

@ c .

-

c st | aD || channel

- ]i] register converter selector

L AD read

Figure3.5(11) Port5
Port 5 Register
7 5 ;4 13 i 2 i 1 0
PS bit Symbol PS3 i P52 i P51 i PS0
(000DH) Read/Write R
After reset Input mode

Note : The input channel selection of A/D Converter is set by A/D Converter mode register ADMOD?2.

Figure 3.5(12) Registers for Port5
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3.5.7 Port 6 (P60 - P67)

Port 6 is an 8-bit general-purpose I/O port. I/O can be set on bit basis. Resetting sets
Port 6 as an input port and connects a pull-up resistor. It also sets all bits of the output
latch to 1. In addition to functioning as a general-purpose I/O port, Port 6 also functions
as a pattern generator PGO/PG1 output. PGO is assigned to P60 to P63; PG1, to P64 to
P67. Writing 1 in the corresponding bit of the port 6 function register (P6FC) enables
PG output. Resetting resets the function register PEFC value to 0, and sets all bits to

ports.

Reset

Direction control
(on bit basis)

P6CR write

|’

bus

Function control
(on bit basis)

data

P6FC write

I

S
Output
latch

—-I_>AS

A

P6 write

Internal

—[>O~—lg;~ch
K Programmabie )

puli-up

Selector

PGO, 1

1

B
l__—
S
B

Ir\/ D Port 6

P60~P67
(PGO0~PG13)

\[\I

P6 read

Selector

A

Figure 3.5(13) Port6é
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Port 6 Register
7 i 6 : EEE 1 0
P6 bit Symbol | P67 i P66 P63 i P62 P61 P60
(0012H) Read/Write RW
Input mode (Pull-up)
After reset 1 ] T T 1 1 1 1
Port 6 Control Register
7 6 : i3 b2 1 0
P6CR  |bit Symbol| P67C | P66C P63C i P62C P61C P60C
(0014H) Read/Write w
After reset 0 0 ‘ 0 0 0 0
Function 1:0UT
|
Port 6 /O setting
0 |Input
1 | Output
Port 6 Function Register
7 i 6 : TEERE: 1 0
P6FC bit Symbol | P67F | P66F i pe3F . P62F P61F P60F
(0016H) Read/Write w
Afterreset| 0 | 0 T o i o
Function 0: PORT 0:PORT 1:PGO-OUT

Read-modify-write is
prohibited for registers

P6CR and P6FC.

Port 6 function setting

0

General-purpose port

1

Stepping motor control / Pattern
generation port

Figure3.5(14) Registers for Port 6
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3.5.8 Port 7 (P70 - P73)

Port 7 is a 4-bit general-purpose I/O port. I/0 can be set on bit basis. Resetting sets
Port 7 as an input port and connects a pull-up resistor. In addition to functioning as a
general-purpose I/O port, Port 70 also functions as an input clock pin TIO0; Port 71 as an
8-bit timer output (TO1), Port 72 as a PWMO output (T02), and Port 73 asa PWM1
output (TO3) pin. Writing 1 in the corresponding bit of the Port 7 function register
(P7FC) enables output of the timer. Resetting resets the function register P7FC value to
0, and sets all bits to ports.

Reset
- —

Direction control
{on bit basis) g
7 >o |B>P-ch
P7CR write . v Programmable
T3

pull-up

S y P70
Output latch L D (Ti0)

f

P7 write
1

W
P7 read

S B

bus

Selector

Al

TIO
Reset

e

Direction control
(on bit basis)

A
P7CR write

Function control
(on bit basis)

A

P7FC write

data

Internal

Output latch pull-up

B

P7 write

A S

Selector > [] eri~em3
(T01~T03)

Timer F/F OUT B
TO1: Timer 1
TO2: Timer 2 B|
TO3:Timer3 P

N
P7 read

| S
Figure 3.5(15) Port7

Selector
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Port 7 Register
7 5 4 : 3 2 : 1 : 0
P7 bit Symbol ' i P13 L ez PPl | PO
(0013H) Read/Write RW
Input mode (Pull-up)
After reset ; . ; ;
Port 7 Control Register
7 P05 o4 i3 b2 b 0
P7CR  |bit symbol : pr3c i pr2c | PTIC | PTOC
(0015H) Read/Write W
After reset 0 0 0 0
Function 0:IN 1:0UT
[__, Port 7 I/0 setting
0 |Input
Port 7 Function Register 1 [ Output
7 P s i o4 13 i 2 b1 i 0
P7FC  |bit Symbol ‘ ©OPTIF | PT2F | PTIF
(001 7H) [ cadnwrite w
After reset 0 o i o
{0:PORT (0:PORT :0:PORT
Function 1:703  1:T02  i1:TO1

Read-modify-write is
prohibited for registers
P7CR and P7FC.

:JSetting P71asTO1

P7FC <P71F> 1
P7CR <P71C> 1

L SettingP72asTO2
P7FC <P72F> 1
P7CR <P72C> 1

L 5 SettingP73as703
P7FC <P73F> 1

P7CR <P73C> 1

Note: P70/TI0 pin does not have a register changing PORT/FUNCTION.
For example, when it is used as an input port (P70), the input signal for P70 is inputted to 8bit Timer 0
as a timer input 0 (T10).

Figure3.5(16) Registers for Port 7
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3.5.9 Port 8 (P80 - P83)

Port 8 is an 8-bit general-purpose I/O port. I/O can be set on a bit basis. Resetting
sets Port 8 as an input port and connects a pull-up resistor . It also sets all bits of the
output latch register P8 to 1. In addition to functioning as a general-purpose I/O port,
Port 8 also functions as an input for 16-bit timer 4 & 5 clocks, an output for 16-bit timer
F/F 4,5, & 6 output, and an input for INTO0. Writing 1 in the corresponding bit of the
Port 8 function register (P8FC) enables those functions. Resetting resets the function
register PBFC value to 0 and sets all bits to ports.

(1) P80~P86

Reset
A
Direction control
(on bit basis)
; o T
P8CR write
‘ Programmable
s pull-up
Output latch \—_D——.__Dpso (TI4/INT4)
i < P81 (TI5/INT5)
, S B P84 (TIG/INTE)
PBwrite P85 (TI7/INT7)
@ <} Selector
> ~
e P8read A
Ti4, TI5
o
- Tie, T17 Reset
@
o
- Direction control
° (on bit basis)
el
- A
@ P8CR write
-
(=
- Function control
(on bit basis)
P8FC write
S gp Programmable
—-—{ >O——-——| -ch
Output latch pull-up
A S
P8 write R D
Selector P82 (TO4)
L P83 (TO5)
Timer F/F OUT B P86 (TO6)
TO4 : Timer 4
TOS5: Timer5 B
TO6: Timer 6 1
N Selector
P8 read
’J S A

Figure 3.5(17) Port 8 (P80 - P86)
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(2) P87 (INTO)

Port 87 is a general-purpose I/O port, and also used as an INTO pin for external
interrupt request input.

M Reset
> Direction
o cgntrol (o)n
it basis E’
B - —>0—]B-P-ch
© P8CR write Programmable
° pull-up
P87 (INTO
. Z Output latch L D ¢ )
- A
- P8 write S B
e
c
< —N Selector y
P8 read A -
A
Level/edge
INTO interrupt ‘—G_li detect
IIMC<I0IE> HMC<IOLE>

Figure 3.5(18) Port 87

MCU900-46



TOSHIBA TMP96C141

Port 8 Register

7 i 6 i 5 i 4 i 3 i 2 i 1 i 0
P8 bitsymbol| P87 | P86 : Pss  Psa . Ps83 | P82 | P8l | PBO
(0018H) Read/Write RW
Input mode
After reset ) ] . ] ] . ] ;
Port 8 Control Register
7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i Q0
P8CR  [bit Symbol | P87C i P86C | P8SC | PeaC i P83C i P8C | PBIC | PBOC
(001AH) Read/Write w
Afterreset| 0 i o0 i 0 0o i 0 i 0 i 0 i 0
Function 0:IN 1:0UT
I Port 81/0 setting
0 |Input
1 | Output
Port 8 Function Register
7 ¢ 6 {5 i 4 i 3 i 2 i 1 i 0
P8EC  |bit symboi ! peeF | { P83F . P82F :
(001CH)f g aanrite Pow Powoiow
After reset 0 0 0
0:PORT {0:PORT :0:PORT
Function 1:706 1:705  1:TO4

Read-modify-write is
prohibited for registers

P8CR and P8FC. > Setting P82 as TO4
P8FC <P82F> 1
P8CR <P82C> 1

be———————————> Setting P83 as TO5

P8FC <P83F> 1
P8CR <P83C> 1

Setting P84 as TO6
P8FC <P86F> 1
P8CR <P86C> 1

Note: P80/Ti4, P81/T15, P84/TI6, P85/TI7 pins do not have a register changing PORT/FUNCTION.
Therefore thisis the same as P70/TI0 pin.
When P87/INTO pin is used as an INTO pin, set PBCR<P87C> to “0” and IIMC<I0IE> to “1".

Figure3.5(19) Registers for Port 8
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3.5.10 Port 9 (P90 - P95)

Port 9 is a 6-bit general-purpose I/O port. I/Os can be set on a bit basis.

Resetting sets Port 9 to an input port and connects a pull-up resistor.

It also sets all bits of the output latch register to 1.

In addition to functioning as a general-purpose I/O port, Port 9 can also function as an
I/O for serial channels 0 andl. Writing 1 in the corresponding bit of the port 9 function
register (P9FC) enables this function.

Resetting resets the function register value to 0 and sets all bits to ports.

(1) Port90 & 93 (TXDO/TXD1)

Ports 90 and 93 also function as serial channel TXD output pins in addition to I/O
ports.
They have a programmable open drain function.

R?set
1

Direction control
(on bit basis)
A
PICR write

“«

3 .

o Function control

© (on bit basis)

-

i POFC write g

o wri

—>0—t—]B-P-ch

‘_u s Programmable
< Output latch L >a s pull-up

v } r [7] P90 (TxD0)

Selector
. P9 write l/ P93 (TXD1)
E TxDO, TXD| ———————————— (B Open f:iram
possible
ODE<ODE1,0>
—
S B
P .
Selector
L A
P9 read A

Figure 3.5 (20) Ports 90 and 93
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(2) Ports91and 94 (RXDO, 1)

Ports 91 and 94 are I/0 ports, and also used as RXD input pins for serial channels.

R%set

Direction
control (on

bit b:sus) >o |gp_<h @rmrammable)

P9CR write ull-up

S

P D
Output latch L Egl 8§§g?;
)

P9 write
!

S B

Internal data bus

W Selector

P9 read A

RxDO, RxD1

Figure3.5(21) Ports 91 and 94
(3) Port92(cTs) -

Port 92 is an I/O port, and also used as a CTS input pin for serial channels.

R%set

Direction
control (on

bitb:sis) e Igp_ch @rogrammab19>

. ull-up
PICR write

s M =eq
Outputlatch P 7] P92 (CTS0)

f

P9 write

data bus

S B

Internal

N Selector
P9 Read A

as

Figure3.5(22) Port 92
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R?Et
(o

Direction
control (on
bit basis)

A

PICR write

Direction
control (on
bit basis)

P9 FC*write —>or—] g P-ch
T

S Grogrammable )
ull-u
Outputlatch | —=[A S put-up

Sefector > ] P92 (CTSO/SCLKO)
B

Internal data bus

P9 write

SCLKO OUT

¥
5 B

W Selector

Ny P9 Read A
SCLKO IN-

CTs0

Figure3.5(23) Ports 92 (TMP96CM40/TMP96PM40/TMP96C141A/TMPI6C041A)
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(4) Port 95 (SCLK)

Port 95 is é general-purpose I/O port. It is also used as an SCLK I/O pin for serial
channel 1. '

R%set
T

Direction
control
(on bit basis)
A
PICR write

Function
control
(on bit basis)

data bus

" L
POFC write >ot—]p-p-ch

S Q’rogrammable )
Output latch —I—»A S pull-up
A Selector 'l> { ] P95 (SCLK1)

P9 write

SCLKOUT —»————>(8

Internal

—

S

R
b

Selector
™

P9 read A

SCLKIN

Figure3.5(23) Port95
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Port 9 Register

7 1 6 | 5 1 a4 i 3 i 2 1 0
P9 bit Symbol i Pos i P94 i pe3 i P92 P9t i P90
(0019H) Read/Write RW
‘ : Input mode
After reset p : ] ] . ]
Port 9 Control Register
7 i 6 i 5 i 4 I 3 i 2 110
PICR  |bit Symbol i P9SC i P9aC i P93C | P92C P9IC | P90C
(001BH) Read/Write w
After reset o] 0 0 0 : 0 0
Function 0:IN 1:0UT
: ]
I Port 9 1/0 setting
0 [Input
1 [ Output
Port 9 Function Register
7 i 6 i 5 i 4 i 3 i 2 1 0
POFC  |bit Symbol {oP9SF © po3F | Po2F PIOF
(001DH) geadwrite Pow Pwoow w
After reset 0 0 0 ; 0
: {0:PORT {0:PORT (0:PORT | {0: PORT
Function 1:sCLK1 {:TaD1 H1:sCLKO i1: TxDO
Note: Only the |—>——
TMP96CM40/TMP96PM40/ A P90 TxDO output setting (Note)
TMP96C141A/TMP96C041A POFC <P90F > 1
have register P92F. That is, POCR <PO0C> 7

SCLKO cannot be specified for
the TMP96C141.

t——————————————> P93 TxD 1 output setting (Note)

POFC <P93F> 1
PICR <P93C> 1

P95 SCLK output setting
POFC <P95F> 1
P9CR <P95C> 1

Note: To set the TxD pin to open drain, write 1 in bit 0 (for TxDO pin) or bit 1 (for TxD1 pin) of the

ODE register.

P91/RXDO0, P94/RXD1 pins do not have a register changing PORT/FUNCTION.

Therefore this is the same as P70/TI0 pin.

Figure 3.5(24) Registers for Port 9
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3.6

3.6.1

(1

@)

@)

Chip Select / Wait Control

TMP96C141 has a built-in chip select / wait controller used to control chip select (CS0
- CS2 pins), wait (WAIT pin), and data bus size (8 or 16 bits) for any of the three block
address areas.

Control Registers

Table 3.6.(1) shows control registers.

One block address areas are controlled by 1-byte CS/WAIT control registers (BOCS,
B1CS, and B2CS). Registers can be written to only when the CPU is in system mode
(there are two CPU modes: system and normal). The reason is that the settings of these
registers have an important effect on the system.

Enable

Control register bit 7 (BOE, B1E, and B2E) is a master bit used to specify enable (1) /
disable (0) of the setting.
Resetting sets BOE and B1E to disable (0) and B2E to enable (1).

System only specification

Control resgister bit 6 (BOSYS, B1SYS, and B2SYS) is used to specify enable / disable
of the setting depending on the CPU operating mode (system or normal). Setting this bit
to 0 enables setting (Address space for CS, Wait state, Bus size, etc.) regardless of the
CPU operating mode; setting it to 1 enables setting in system mode but disables setting
in normal mode.

Resetting clears bit 6 to 0.

Bit 6 is mainly used when external memory data should not be accessed in normal
mode (ie, for system mode only memory data for the operating system).

CS/CAS Waveform select

Control register bit 5 (BOCAS, B1CAS, and B2CAS) is used to specify waveform mode
output from the chip select pin (CSO0/CASO - CS2/CAS2). Setting this bit to 0 specifies
CS0 to CS2 waveforms; setting it to 1 specifies CASO to CAS2 waveforms.

Resetting clears bit 5 to 0.
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@)

(5)

(6)

Data bus size select

Bit 4 (BOBUS, B1BUS, and B2BUS) of the control register is used to specify data bus
size. Setting this bit to 0 accesses the memory in 16-bit data bus mode; setting it to 1
accesses the memory in 8-bit data bus mode.

Changing data bus size depending on the access address is called dynamic bus sizing.
Table 3.6 (2) shows the details of the bus operation.

Wait control

Control register bits 3 and 2 (BOW1,0; B1W1,0; B2W1,0) are used to specify the
number of waits. Setting these bits to 00 inserts a 2-state wait regardless of the WAIT
pin status. Setting them to 01 inserts a 1-state wait regardless of the WAIT status.
Setting them to 10 inserts a 1-state wait and samples the WAIT pin status. If the pin is
low, inserting the wait maintains the bus cycle until the pin goes high. Setting them to
11 completes the bus cycle without a wait regardless of the WAIT pin status.

Resetting sets these bits to 00 (2-state wait mode).

Address area specification

Control register bits 1 and 0 (BOC1,0; B1C1,0; B2C1,0) are used to specify the target
address area. Setting these bits to 00 enables settings (CS output, Wait state, Bus size, -
ete.) as follows:

* (S0 setting enabled when 7FO0H to 7FFFH is accessed.
* (Sl setting enabled when 480H to 7FFFH is accessed.
CS1 setting enable when 80H to 7FFFH is accessed for the TMP96C041A, which
does not have a built-in RAM.
* (82 setting enabled when 8000H to 3FFFFFH is accessed.
CS2 setting enabled when 10000H to 3FFFFFH is accessed for the
TMP96CM40/TMP96PM40, which has built-in 32K byte ROM/PROM..

Setting bits to 01 enables setting for all CS’s blocks and outputs a low strobe signal
(CS0/CAS0~CS2/CAS2) from chip select pins when 400000H to 7FFFFFH is accessed.
Setting bits to 10 enables them 800000H to BFFFFFH is accessed. Setting bits to 11
enables them when C00000H to FFFFFFH is accessed.
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Table 3.6 (1) Chip select/wait control register

Code| Name Address 7 6 5 4 3 2 1 0
BOE BOSYS [ BOCAS | BOBUS | BOW1 | BOWO BOC1 BOCO
w W w W W W w W
Block0 0 0 0 0 0 0 0 0
BOCS| CS/WAIT| 0068H 1: 1: 0: 0:16bit | 00: 2WAIT 00: 7FOOH~7FFFH
conﬁrol CS/CAS|SYSTEM | CSO Bus 01: TWAIT 01: 400000H~
register Enable| only 1 1:8bit | 10: TWAIT +n 10: 800000H~
CASO Bus 11: OWAIT 11: COO000H~
B1E B1SYS | B1CAS | B1BUS B1W1 B1WO B1C1 B1CO
W W W W W W W W
Block1 0 0 0 0 0 )] 0 0
B1CS| CS/WAIT| 0069H 1 1: 0: 0:16bit| 00: 2WAIT *00: 480H~7FFFH
con_trol CS/CAS|SYSTEM | CS1 Bus 01: TWAIT 01: 400000H~
register Enable| only 1: 1:8bit 10: TWAIT +n 10: 800000H~
CAS1 Bus 11: OWAIT 11: CO0000H~
B2SYS | B2CAS | B2BUS B2W1 B2WO0 B2C1 B2CO
W w Wi W w W W
Block2 0 0 0 0 0 0 0
B2CS| CS/WAIT| 006AH 1: 0: 0:16bit | 00: 2WAIT 00: 8000H~
control SYSTEM| CS2 Bus 01: TWAIT 01: 400000H~
register only 1: 1:8bit 10: TWAIT +n 10: 800000H~
CAS2 Bus 11: OWAIT 11; CO0000H~

Note: With only block 2, enable (16-bit data bus, 2-wait mode) after reset.

Table 3.6 (2) Dynamic bus sizing

Operand data | Operand start | Memory data | cpy address CPU data

size address size D15 - D8 D7 - DO
8 bits 2n+0 8 bits 2n+0 XXXXX b7 - b0
(even number) 16 bits 2n+0 XXXXX b7 - b0
2n + 1 8 bits 2n +1 XXXXX b7 - b0
{odd number) 16 bits 2n+1 b7 - b0 XXXXX
16 bits 2n+0 8 bits 2n+0 XXXXX b7 - b0
(even number) 2n +1 XXXXX b15 -b8
16 bits 2n+0 b15-b8 b7 - b0
2n+1 8 bits 2n+1 XXXXX b7 - b0
(odd number) 2n +2 XXXXX b15 - b8
16 bits 2n+1 b7 -b0 XXXXX
2n +2 XXXXX b15 - b8
32 bits 2n+0 8 bits 2n+0 XXXXX b7 -b0
(even number) 2n +1 XXXXX b15-b8
2n+2 XXXXX b23-b16
2n+3 XXXXX b31-b24
16 bits 2n+0 b15-b8 b7 - b0
2n +2 b31-b24 b23-b16
2n+1 8 bits 2n+1 XXXXX b7 - b0
(odd number) 2n+2 XXXXX b15-b8
2n+3 XXXXX b23-b16
2n+4 XXXXX b31-b24
16 bits 2n+1 b7 - b0 XXXXX
2n+2 b23 -b16 b15 - b8
2n+4 XXXXX b31-b24

xxxxx : During a read, data input to the bus is ignored. At write, the busis at

high impedance and the write strobe signal remains non-active.
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3.6.2 Chip Select Image

An image of the actual chip select is shown below. Out of the whole memory area,
address areas that can be specified are divided into four parts. Addresses from 000000H
to 3FFFFFH are divided differently: 7F00H to 7FFFH is specified for CS0; 480H to
TFFFH, for CS1; and 8000H to 3FFFFFH, for CS2. The reason is that a device other
than ROM (ie, RAM or I/O) might be connected externally.

TF00 to TFFFH (256 bytes) for CS0 are mapped mainly for possible expansions to
external I/O.

480H to 7FFFH (approx. 31K bytes) for CS1 are mapped there mainly for possible
extensions to external RAM,

8000H to 3FFFFFH (approx. 4M bytes) for CS2 are mapped mainly for possible
extensions to external ROM. After reset, CS2 is enabled in 16-bit bus and 2-wait. With
the TMP96C141, which does not have a built-in ROM, the program is externally read at
address 8000H in this setting (16-bit bus, 2-wait). With the TMP96CM40/TMP96PM40,
which has a built-in ROM, addresses from 8000H to FFFFFH are used as the internal
ROM area; CS2 is disabled in this area. After reset, the CPU reads the program from
the built-in ROM in 16-bit bus, 0-wait mode.

CSo [&Y] CS2

000000H p 7

BOC1,0= “01" B1C1,0= 01" B2C1,0= “01"
oooner BOC1,0= “10" B1C1,0= “10” B2C1,0= “10
C00000H

BOC1,0= 11" B1C1,0= “11" B2C1,0= 11"
TR (Mainlyfor/0)  (Mainly forRAM)  (Mainly for ROM)

Supplement 1: Access priority is highest for built-in I/O, then built-in memory, and lowest for the
chip select/wait controller.
Supplement2: External areas other than CS0 to CS2 are accessed in 16-bit data bus ( 0 wait)
mode.
‘When using the chip select/wait controller, do not specify the same address area
more than once. (However, when addresses 7F00H - 7FFFH for CSO and 480H -
TFFFH for CS1 are specified, in other words, specifications overlap, only the CSO
setting/pin is active.)
Note: When the bus is released (BUSAK=“0"), CS0~CS2 pins are also released
(the output buffer is OFF). Refer to [ Note about the bus release | in 3.5
Functions of Ports about the state of pins.
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3.6.3 Example of Usage

Figure 3.6 (1) is an example in which an external memory is connected to the
TMP96C141. In this example, a ROM is connected using 16 bit Bus; a RAM is connected
using 8 bit Bus.

TMP96C141

[«0)
[}
cs2

74HC573

Address bus

L L0

b A2

[«3
Upper byte
ROM

S
Lower byte

__. ROM
o]

CSS bitBus
RAM

OE WE

i)

Figure 3.6 (1) Example of External Memory Connection (ROM = 16 bits, RAM & I/O = 8 bits)

Resetting sets pins CS0 to CS2 to input port mode. CS0 and CS1 are set high due to
an internal pull-up resistor; CS2, low due to an internal pull-down resistor. The
program used to set these pins is as follows.

PACR
PAFC
BOCS
B1CS
B2CS
LD
LD
LD
LD
LD

EQU  OEH
EQU  10H
EQU  68H
EQU  69H
EQU  6AH
(BOCS), 90H
(B1CS), 9CH
(B2CS), 84H
(P4CR),07H
(P4FC), 07H

; CS0 =8 bits, 2WAIT, 7FO0H~7FFFH
; CS1 =8 bits, OWAIT, 480H~7EFFH

; €S2 = 16 bits, TWAIT, 8000H~3FFFFFH

}@6, CS1, CS2 output mode setting
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3.6.4 How to Start with an 8-bit Data Bus

Resetting sets the CS2 pin low due to an internal pull-down resistor; memory access
starts in 16-bit data bus (2-wait) mode. To start in 8-bit data bus mode, a special
operation is required. Operation is as described in the example below.

B2CS EQU 6AH ; CS2 register address
ORG  8000H ; RESET address
LDX  (B2CS),9CH ; €S2 8bit, OWAIT, 8000H~

After reset, the program reads the LDX(B2CS),9CH instruction in 16-bit data bus
mode. LDX is a 6-byte instruction: the 2nd, 4th, and 6th bytes are handled as dummies
(ie, only codes in the 1st, 3rd, and 5th bytes are actually used). Even if starting in 8-bit
data bus mode, it is possible to program so that the LDX instruction is executed and the
CS 2 area (8000H - 3FFFFFH) is accessed in 8-bit data bus mode without any problem.

The above program does not include setting the P42/CS2 pin to output; add a program
to set the PACR and P4FC registers as required.

Address latch EPROM

TLCS-900
(TMP96C141) A15 '
D Q § Operation after reset
G A8
TLCS-900 EPROM
A7 8000H [ F7 F7
AD8~15 D Q § 8001H | 77 |<— 22 00
A0 8002H | 6A 6A
G 8003H 27 < 27 5 LDX (6AH), 9CH
D7 8004H [ 9C 9C
ADO~7 y J 8005H [ 77 =177 00
RD p — JOE 77 :don't care
C2 #@
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3.7 8-bitTimers

TMP96C141 has two 8-bit timers (timers 0 and 1), each of which can be operated
independently. The cascade connection allows these timers to be used as 16-bit timer.
The following four operating modes are provided for the 8-bit timers.

® 8-bit interval timer mode (2 timers)

® 16-bit interval timer mode (1 timer)

® 8-bit programmable square wave pulse generation (PPG: variable duty with
variable cycle) output mode (1 timer)

® 8.bit pulse width modulation (PWM: variable duty with constant cycle) output
mode (1 timer)

Figure 3.7 (1) shows the block diagram of 8-bit timer (timer 0 and timer 1).

Each interval timer consists of an 8-bit up-counter, 8-bit comparator, and 8-bit timer
register. Besides, one timer flip-flop (TFF1) is provided for pair of timer 0 and timer 1.

Among the input clock sources for the interval timers, the internal clocks of ¢T1,
¢T4, 4T16, and ¢T256 are obtained from the 9-bit prescaler shown in Figure 3.7 (2).

The operation modes and timer flip-flops of the 8-bit timer are controlled by three
control registers TMOD, TFFCR, and TRUN.
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TFFCR<TFF1C1,0>

*1 Set ::i
2 Clear F/F control
*3 Invert . Teslw
¥
Software trigger —>
99 TFF1 —>T01
TRUN<TORUN> TRUN<TI1RUN>
TMOD<T10M1,0>
TFFCR<TFF1IE>
l'_ Selector
I o
RUN Clear RUN Clear
TIO pin —> 8-bit 8-bit A
$TIUBA)  —>|selector up-counter —> up-counter TFFCR<TFF1IS>
#T4(32/fc) —> (Uco) n_q $T1  —>|Selector (ucm)
#T16(128/fc) —>| Over > 4T16 —>
T ’ flow $T256 —
TMOD < TOCLK, 0> A
TMOD <T10M1, 0, PWMM1, 0> TMOD<T1CLK1, 0>
= iL
8-bit 8-bit
comparator comparator  —¢
(CPO) (CP1)
INTTO
T —
Selector TMOD<T10M1, 0>
PPGTRG 8-bit timer =~
PWMTRG sefect register TREGO 8-bit timer *
TREG-WR , register INTT
TREG1
T Register buffer
TFFCR<DBEN> TT
Internal bus

VaIHSOl
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@  Prescaler

This 9-bit prescaler generates the clock input to the 8-bit timers, 16-bit
timer/event counters, and baud rate generators by further dividing the
fundamental clock (fc) after it has been divided by 4 (fc/4).

Among them, 8-bit timer uses 4 types of clock: ¢T1, 4T4, 4T16,and ¢T256.

This prescaler can be run or stopped by the timer operation control register
TRUN<PRRUN>. Counting starts when <PRRUN> is set to “1”, while the
prescaler is cleared to zero and stops operation when <PRRUN> is set to “0”.
Resetting clears <PRRUN > to “0”, which clears and stops the prescaler.

Cycle
input~—_f¢ 16MHz 20MHz
clock
$T1 (8/fc) 0.5us 0.4us
$T4 (32/fc) 2.0us 1.6us
#T16 (128/fc) 8.0us 6.4.us
$T256 (2048/fc) 128us 10248
#T0 $T1 ¢T2 ¢T4 ¢T8 ¢T16 4732 #7256
T T
Oscillator fe 6 1.2 3 4 5 6 7 8
- ! 1/4 ‘ 9-bit prescaler
circuit
L 112 — ¢1 1 run/stop & clear
- 2
é
TRUN <PRRUN>
(System clock)

fas W
PSR e I e N e T
$T4 <: L

Figure 3.7 (2) Prescaler
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®  Up-counter

This is an 8-bit binary counter which counts up by the input clock pulse
specified by TMOD.

The input clock of timer 0 is selected from the external clock from TIO pin and
the three internal clocks ¢T1 (8/fc), 4 T4 (32/fc), and ¢T16 (128/fc), according to the
set value of TMOD register.

The input clock of timer 1 differs depending on the operation mode. When set to
16-bit timer mode, the overflow output of timer 0 is used as the input clock. When
set to any other mode than 16-bit timer mode, the input clock is selected from the
internal clocks ¢T1 (8/fc), 4T16 (128/fc), and 4T256 (2048/fc) as well as the
comparator output (match detection signal) of timer 0 according to the set value of
TMOD register.

Example: When TMOD <T10M1,0> =01, the overflow output of timer 0 becomes
the input clock of timer 1 (16-bit timer mode).
When TMOD<T10M1,0> =00 and TMOD<T1CLK1,0>=01, ¢T1
(8/fc) becomes the input of timer 1 (8bit timer mode).

Operation mode is also set by TMOD register. When reset, it is initialized to
TMOD<T01M1, 0> =00 whereby the up-counter is placed in the 8-bit timer
mode.

The counting and stop & clear of up-counter can be controlled for each interval
timer by the timer operation control register TRUN. When reset, all up-counters
will be cleared to stop the timers.

®  Timer register

This is an 8-bit register for setting an interval time. When the set value of timer
registers TREGO, TREG1, matches the value of up-counter, the comparator match
detect signal becomes active. If the set value is 00H, this signal becomes active
when the up-counter overflows.

Timer register TREGO is of double buffer structure, each of which makes a pair
with register buffer.

The timer flip-flop controll register TFFCR<DBEN > bit controls whether the
double buffer structure in the TREGO should be enabled or disabled. It is disabled
when <DBEN> =0 and enabled when they are set to 1.

In the condition of double buffer enable state, the data is transfered from the
register buffer to the timer register when the 2% —1 overflow occurs in PWM muode,
or at the PPG cycle in PPG mode. Therefore; during timer mode, the double buffer
can not be used.

When reset, it will be initialized to <DBEN> =0 to disable the double buffer.
To use the double buffer, write data in the timer register, set <KDBEN> to 1, and
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write the following data in the register buffer.

Up-counter

it

l Comparator (CPQ) |
PZAN ]

[ Timer registers 0 (TREGO) —l

Matching detection of PPG

— I cycle
Shift trigger 2n -1 overflow of PWM
Selector
[ Register buffers 0 —| TREGO WR
AN

Write

I 3 TFFCR<DBEN>
Internal bus

Figure 3.7 (3) Configuration of Timer Register 0

Note: Timer register and the register buffer are allocated to the same memory address. When
<DBEN> =0, the same value is written in the register buffer as well as the timer
register, while when <DBEN > =1 only the register buffer is written.

The memory address of each timer register is as follows.
TREGO: 000022H
TREG1: 000023H
All the registers are write-only and cannot be read.
@®  Comparator
A comparator compares the value in the up-counter with the values to which the
timer register is set. When they match, the up-counter is cleared to zero and an

interrupt signal INTTO, INTT1) is generated. If the timer flip-flop inversion is
enabled, the timer flip-flop is inverted at the same time.

®  Timer flip-flop (timer F/F : TFF1)

The status of the timer flip-flop is inverted by the match detect signal
(comparator output) of each interval timer and the value can be output to the timer
output pins TO1 (also used as P71).

A timer F/F is provided for a pair of timer 0 and timer 1 and is called TFF1.
TFF1 is output to TO1 pin.
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7 ¢ 6 i 5 i a4 s 1 2 1 1 o
TRUN  [bit Symbol | PRRUN | { TSRUN | TARUN i PIRUN i PORUN : TIRUN | TORUN
(0020H) Read/Write RIW RW
After reset 0 0 0 : 0 0 0 0
Prescaler & Timer Run/Stop CONTROL
Function 0: Stop & Clear

1:Run

(Count up)

PRRUN
T5RUN
T4ARUN
P1RUN
PORUN
T1RUN
TORUN

L, CountOperation

0 |Stop andclear

Operation of prescaler

Operation of 16-bit timer (timer5)
Operation of 16-bit timer (timer4)
Operation of PWM timer (PWM1/timer3)
Operation of PWM timer (PWMO/timer2)
Operation of 8-bit timer (timer1)
Operation of 8-bit timer (timer0)

Figure 3.7 (4) Timer Operation Control Register (TRUN)
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7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 9@
TMOD |bit Symbol | TiOM1 i TiOMO | PWMM1 : PWMMO ; TICLKT | TICLKO i TOCLK1 i TOCLKO
(0024H) Read/Write ' w
After reset 0 0 0 0 0 0 0 0
Operation mode PWM cycle Source clock of timer1 Source clock of timer0®
00: 8bit Timer §00: - { 00: TOOTRG £ 00:TIO
Function 141 16bit Timer £ 01:26-1 fo1:4T1 fo1: 4T
10: 8bit PPG £ 10:27-1 £10:4T16 i 10: 4T4
11: 8bit PWM E11:280 i 11: 47256 i 11: 4716
Prohibit Read
Modify Write

L.

Input clock of timer 0

00 |ExternalInput (TIO)

11 |¢T16 (Prescaler)

————— Input clock of timer 1

TMOD
TMOD<T10M1,0># 01 <TIOM1,0> =01

00 |Comparator output| Overflow
. output of timer
of timer 0 0

10 |!nternal clock 4T16 (16-bit timer v

11 |nternal clock 47256 mode)

00 —_
01 ......... 26_1 ................................................
1027_1 ...............................................
” ......... 28_1 ................................................

Set the operation mode of
timer 0 and 1.

00 |Two 8-bit timers
(timer 0 and timer 1)

11 {8-bit PWM output (timer 0)
+ 8-bit timer (timer 1)

Figure 3.7 (5) Timer Mode control Register (TMOD)
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7 {6 i 5 i 4 i 3 i 2 1 0
TFFCR | bit symbol : : DBEN | TFFICi i TFF1CO TFFUE : TFFUS
(0025H) [ cadmwrite RW w RAW
After reset o0 io0o i o0 10 i 0
i Double & g: Invert TFF1 TRE1 LTS
i buffer : ‘Inversion } Inversion
Furicti i0: Disable 01: Set TFF1 trigger source
unction i1. Enable | 10 Clear TFF1 0: Disable 10: Timer 0
i 11:don‘tcare i1:Enable i1:Timer1
S ’5\1"?’,?3'5 readas
| I | |
Select inverse signal of timer F/F1
("Don’'t care” except in 8-bit timer mode)
T>M=OO%<T10M1,0 01 10 1
0 |Inversion by 16-bit timer mode | PPG mode PWM mode
timer0 match Inversion by Inversion by Inversion by
signal match signal match signal of match and
1 Inversion by eachtimerOand | overflowsignal
timer1 match timer 1 of timer 0
signal

Inversion of Timer F/F1 (TFF1)

0 |Disable invert

1 |Enableinvert

——> Control of Timer F/F1 (TFF1)

Invert the value of TFF1
(software inversion)

11 |Don't care

-——— > Double Buffer Control of TREGO
0 |Disable double Buffer

1 |Enable double Buffer

Figure 3.7 (6) Timer Flip-flop Control Register (TFFCR)
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Q)

The operation of 8-bit timers will be described below:

8-bit timer mode
Two interval timers 0, 1, can be used independently as 8-bit interval timer. All
interval timers operate in the same manner, and thus only the operation of timer 1 will
be explained below.
@  Generating interrupts in a fixed cycle
To generate timer 1 interrupt at constant intervals using timer 1 INTT1), first
stop timer 1 then set the operation mode, input clock, and a cycle to TMOD and
TREG1 register, respectively. Then, enable interrupt INTT1 and start the
counting of timer 1.
Example To generate timer 1 interrupt every 40 microseconds at fc=16 MHz,
set each register in the following manner.
MSB LSB
765 32 0
TRUN - X - --0 - Stop timer 1, and clearitto “0".
TMOD «00XX01-- Set the 8-bit timer mode, and select ¢T1(0.5 us @ fc =16
MHz) as the input clock.
TREGT « 01010000 Set the timer register at 40 us ¢T1 = 50H.
INTET1I0 « 1101 - - - - Enable INTT1, and set it to “Level 5".
TRUN «1X----1- Start timer 1 counting.

Note : X:don’t care —; no change

Use the following table for selecting the input clock.

Table 3.7 (1) 8-Bit Timer Interrupt Cycle and Input Clock

Interrupt cycle . Interrupt cycle .

Input clock (at fc = 16MHz2) Resolution (at fc = 20MHz2) Resolution
$T1 (8/fc) 05 us ~ 128 pus 0.5 us 0.4 ps~102.4 us 0.4 us
$T4 (32/fc) 2 us ~ 512 us 2 us 1.6 us~409.6 us 1.6 us
$#T16 (128/fc) 8 us~ 2.048 ms 8 us 6.4 xs~1.638 ms 6.4 us
$T256 (2048/fc) [ | 128  us~32.708 ms | 128 us 102.4 ps~2.621 ms | 102.4 us

Note: Theinputclock of timer 0 and timer 1 are different from as follows.
Timer 0 : TI0 input, ¢T1, ¢T4, 4T16
Timer 1: Match Output of Timer 0, ¢T1, ¢T186, 41256
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®  Generating a 50% duty square wave pulse

The timer flip-flop (TFF1) is inverted at constant intervals, and its status is
output to timer output pin (TO1).

Example : Tooutputa 3.0 us square wave pulse from TO1 pin at fe=16 MHz, set
each register in the following procedures. Either timer 0 or timer 1
may be used, but this example uses timer 1.

76543210
TRUN ¢ =X - =--10 - Stop timer 1, and clear it to “0”.
TMOD ¢« 00X X01-- Set the 8-bit timer mode, and select ¢T1(0.5 us @ fc =16 MHz) as
the input clock.
TREG1 « 00000011 Set the timer registerat 3.0 us + ¢T1+2=3.
TFFCR ¢ - - -~-1011 Clear TFF1 to “0”, and set to invert by the match detect signal
from timer 1.
PICR ¢ XXXX--1- } Select P71as TO1 pin.
P7FC ¢ X X X X =--1X
TRUN ¢ 1 X ~--~-~-1- Start timer 1 counting.
Note: X;don’t care —;no change
¢T1
TRUN
<T1RUN>
BIT7~2

Up-
counter BIT1

1.5us @fc= 16MHz

BITO. o [ v L2 [3 el v 12 _J3 1o 7 2 3 |o
oy ater I T T [
T M ul M

INTT1 Q [ [

UCclear ﬁ. [! "

TFF1 *l' | —

| |

TO1 / f\ /T

Figure 3.7 (7) Square Wave (50% Duty) Output Timing Chart
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®  Making timer 1 count up by match signal from timer 0 comparator

Set the 8-bit timer mode, and set the comparator output of timer 0 as the input
clock to timer 1.

Comparator output
(Timer 0 match) n I-L

Timer Q up-counter 1 X2 X3 X4 X5 X1 X2 X3 X4X5X1 X2X3)

(when TREGO =5)

Timer 1 up-counter 1 X 2 X 1
(when TREG1=2)

Timer 1 match output

Figure 3.7 (8) Timer 1 count up by timer 0
@  Output inversion with software

The value of timer flip-flop (TFF1) can be inverted, independent of timer
operation.

Writing “00” into TFFCR<TFF1C1, 0> (memory address : 000025h of bit 3 and
bit 2) inverts the value of TFF1.

® Initial setting of timer flip-flop (TFF1)

The value of TFF1 can be initialized to “0” or “1”, independent of timer
operation.

For example, write “10” in TFFCR<TFF1C1,0> to clear TFF1 to “0”, while
write “01” in TFFCR<TFF1C1,0> to set TFF1 to “1”.

Note: The value of timer register cannot be read.
(2) 16-bittimer mode

A 16-bit interval timer is configured by using the pair of timer 0 and timer 1.

To make a 16-bit interval timer by cascade connecting timer 0 and timer 1, set timer
0/timer 1 mode register TMOD <T10M1,0> to “0, 1”.

When set in 16-bit timer mode, the overflow output of timer 0 will become the input
clock of timer 1, regardless of the set value of TMOD <T1CLK1,0>. Table 3.7 (2) shows
the relation between the cycle of timer (interrupt) and the selection of input clock.

Table 3.7 (2) 16-Bit Timer (Interrupt) and Input Clock

Input clock Interrupt cycle (fc = 16MHz) | Resolution || Interrupt cycle (fc = 20MHz) |Resolution

$T1 (8/fc) 0.5us ~ 32.786ms 0.5us 0.4us ~  26.214ms 0.4us
T4 (32/fc) 2 us ~ 131.072ms 2 us 1.6ps ~ 104.857ms 1.648
$T16 (128/fc) 8 us ~ 524.288ms 8 us 6.4us ~ 419.430ms 6.4us
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(3)

The lower 8 bits of the timer (interrupt) cycle are set by the timer register TREGO,
and the upper 8 bits are set by TREG1. Note that TREGO always must be set first.
(Writing data into TREGO disables the comparator temporarily, and the comparator is
restarted by writing data into TREG1.)

Setting example: To generate an interrupt INTT1 every 0.5 seconds at fc=16 MHz, set
the following values for timer registers TREGO and TREG1.
When counting with input clock of ¢T16 (8us @ 16 MHz)
0.55+8us=62500=F424H
Therefore, set TREG1 =F4H and TREG0=24H, respectively.

The comparator match signal is output from timer 0 each time the up-counter UCO
matches TREGO, where the up-counter UCO is not be cleared. And the interrupt INTO is
not generated.

With the timer 1 comparator, the match detect signal is output at each comparator
timing when up-counter UC1 and TREG1 values match. When the match detect signal
is output simultaneously from both comparators of timer 0 and timer 1, the up-counters
UCO and UC1 are cleared to “0”, and only the interrupt INTT1 is generated. If inversion
is enabled, the value of the timer flip-flop TFF1 is inverted.

Example : When TREG1=04H and TREG0=80H

Value of up-counter
(UCT, Uco 0000H 0080H 0180H 0280H 0380H 0480H

Timer 0 comparator

match detect signal f N fl I i
Interrupt INTT1 ﬂ
Timer outputTO1 L Inversion

Figure 3.7 (9) Output timer by 16-bit timer mode
8-bit PPG (Programmable Pulse Generation) Output mode

Square wave pulse can be generated at any frequency and duty by timer 0 and timer
1. The output pulse may be either low-active or high-active.” In this mode, timer 1
cannot be used.

Timer 0 outputs pulse to TO1 pin (also used as P70).

In this mode, a programmable square wave is generated by inverting timer output
each time the 8-bit up-counter (UC0) matches the timer registers TREGO and TREG1.

However, it is required that the set value of TREGO is smaller than that of TREG1.

Though the up-counter (UC1) of timer 1 is not used in this mode, UCI should be set
for counting by setting TRUN<T1RUN>to 1.

Figure 3.7 (11) shows the block diagram for this mode.
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TREGO and UCO match A {l
(Interrupt INTTO) / /
TREG1 and UCO match /ﬂ /ﬂ
(Interrupt INTT1) , \ (
TO1 N
TREGO
TREG1

Figure 3.7 (10) 8bit PPG output waveforms

TO1
TIO pin —> TRUN<TORUN> *
$T1 — 8-bit — TFF1  |=— TFFCR<TEFIIE> = 1
$T4 ~—>| Selector
4T16 —>| up-counter (UCO)
T ? I Inversion
TMOD <TOCLK1, 0> Jh—‘
INTTO
\Z R
I Comparator ]., | Comparator i INTT1
AN
TREGO-WR—> Selector | spift trigger
e
A I Register buffer | | TREG 1 ]
TFFCR<DBEN> TT TT

Internal bus

Figure 3.7 (11) Block Diagram of 8-Bit PPG Output Mode
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When the double buffer of TREGO is enabled in this mode, the value of register buffer
will be shifted in TREGO each time TREG1 matches UCO.
Use of the double buffer makes easy the handling of low duty waves (when duty is

varied). '
Match with TREGO I'I

and up-Counter

(Up-counter = Q) (Up-counter = Q)
Match with TREG 1
{  Shift from register buffer
TREGO X
(Value to be compared) Q X Q
7
Registe buffer Q; X Qs
\ TREG O (register buffer)
write

Figure 3.7 (12) Operation of Register buffer
Example : Generating 1/4 duty 50 kHz pulse (@ fc=16 MHz)

[ I I O I

| 20us l

® (Calculate the value to be set for timer register.
To obtain the frequency 50 kHz, the pulse cycle t should be : t=1/50 kHz = 20 ps.
Given ¢T1=0.5.s (@ 16 Hz),
20us+0.5us=40
Consequently, to set the timer register 1 (TREG1) to TREG1=40=28H
and then duty to 1/4,t X1/4 = 20us X 1/4=5us
5us+0.545=10
Therefore, set timer register 0 (TREG0) to TREG0=10=0AH.

76543210
TRUN ¢ = X - ===-100 Stop timer 0, and clear it to “0".
TMOD « 1 0XXXX01 Set the 8-bit PPG mode, and select ¢4T1 as input clock.
TREGO « 0 0 001010 Write “0AH".
TREGL « 00101000 Write “28H".
TFFCR ¢ = - =X 011X Sets TFF1 and enable the inversion.
Writing “10” provides negative logic pulse.
P7CR « XX--1-
P7TEC e X X X X --1X Set P71 asthe TO1 pin.
TRUN ¢1X-=---11 Start timer 0 and timer 1 counting.
Note: X;don’tcare  —;nochange
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(4) 8-bit PWM Output mode

This mode is valid only for timer 0. In this mode, maximum 8-bit resolution of PWM
pulse can be output.

PWM pulse is output to TO1 pin (also used as P71) when using timer 0. Timer 1 can
also be used as 8-bit timer.

Timer output is inverted when up-counter (UC0) matches the set value of timer
register TREGO or when 2n—1 (n=6, 7, or 8; specified by TO1IMOD<PWMO01,0>)
counter overflow occurs. Up-counter UCO is cleared when 2n—1 counter overflow
occurs. For example, when n=6, 6-bit PWM will be outputted, while when n="7, 7-bit
PWM will be outputted.

To use this PWM mode, the following conditions must be satisfied.

(Set value of timer register) < (Set value of 2™ — 1 counter overflow)
(Set value of timer register) = 0

TREGO and Al Al N

UCO match

2n-1
overflow /ﬂ

(interrupt INTTO) \ ( \ (
01 \!_, o ]

: (PWM cycle)

Figure 3.7(13) 8-bit PWM waveforms
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Figure 3.7 (14) shows the block diagram of this mode.

TO1
TRUN <TORUN> A

g i TFFCR
$T1—> 8-bit up-counter C R et o

»| Selector Clear TFF1 .0,

¢ﬂg_> (ueo) TFF1IE, TFF11S>
2n-1 TMOD Invert
TMOD <TOCLK1, 0> <T10M1,0> =11
0 :> overflow e
control <PWMM1, 0>
Vv Overflow

I Comparator

ﬂ ¢ INTTO
L | TREGO |

T T ———
Selector Shift trigger TT

TREGO-WR—>
I Register buffer I
TFFCR <DBEN> ﬁ
{ 3
Internal bus

Figure 3.7 (14) Block Diagram of 8-Bit PWM Mode

In this mode, the value of register buffer will be shifted in TREGO if 2“-— 1 overflow is
detected when the double buffer of TREGO is enabled.
Use of the double buffer makes easy the handling of small duty waves.

Match with TREGO n I-I
Up-counter = Q, Up-counter = Q;
2n -1 overflow n
{shiftinto TREGO
TREG 0 Qi X Q2
(value to be compared) jT
Register buffer Q X Q3

A_ TREGO (register buffer) write
Figure 3.7 (15) Operation of Register buffer
Example: To output the following PWM waves to TO1 pin at fc=16 MHz.

[ A I R

‘—_3'6#5—’|
<~ 635ms

To realize 63.5.s of PWM cycle by 4T1=0.5.s (@fc=16 MHz),
63.5us+0.5us =127 =27—1

Consequently, n should be set to 7.

As the period of low level is 36 s, for ¢ T1=0.5.s,

set the following value for TREGO.
36us+0.5us = 72 = 48H
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MSB LSB
76543210

TRUN ¢ - X = = = = - 0 Stop timer 0, and clear it to “0”.

TMOD «1110--01 Set 8-bit PWM mode (cycle: 27 - 1) and select ¢4T1 as the input

clock.

TREGO « 0 1 00100 Writes “48H".

TFFCR « X X X X101 Clears TFF1, enable the inversion.

P7CR ¢« X XX X--1-

PTEC « X X X X — — 1 X } Set P71 asthe TO1 pin.

TRUN ¢ 1 X = - - — = 1 Start timer 0 counting.

Note: X;don’tcare  —;nochange

Table 3.7 (3) PWM Cycle and the Setting of 2" - 1 Counter

PWM cycle (@ fc = 16MHz)

PWM cycle (@ fc = 20MHz)

$T1 4T4 4T16 ¢T1 4T4 4T16
261 | 31.5u45(31.7kHz)  12645(7.9kHz)  0.50ms (1.9kHz) | 25.2s (39.0kHz)  100.5(10.0kHz)  0.40ms (2.4kHz)
271 | 63.545(15.7kHz) 25445 (3.9kHz)  1.01ms(0.98kHz) | 50.84s(19.7kHz) 2035 (4.9kHz)  0.81ms (1.2kHz)
28-1 127 s (7.8kHz) 51045 (1.9kHz)  2.04ms(0.49kHz) | 1025 (9.80kHz)  408us(2.4kHz)  1.63ms (0.61kHz)
(5) Table 3.7 (4) shows the list of 8-bit timer modes.

Table 3.7 (4) Timer Mode Setting Registers

Register name TMOD TFFCR
Name of function in T10M PWMM TiCLK TOCLK TFF1IS
Function Timer mode PWMO cycle Upper timer input L.ower timer T|n'1er F/Finvert
clock input clock signal select
External clock,
16-bit timer mode 01 - - #T1, 4T4, $T16 -
(00,01, 10, 11)
8-bit timer x 2 channels Lower timer External clock, |[O: Lower timer
00 _ match: #T1, 474, 4T16 output
$T1,16,256 (00, 01,10, 11) 1: Upper timer
(00,01, 10,11) output
External clock,
8-bit PPG x 1channel 10 - - ¢T1, 4T4, ¢T16 -
(00, 01,10, 11)
8-bit PWM x 1channel 1 26-1,27-1, 28-1 - External clock, -
(01,10, 11) $T1,4T4,4T16
(00, 01, 10, 11)
8-bit timer x 1channel 11 - #T1. ¢T16, 47256 - Output disabled
(01,10,11)

Note: - ; Don’t care
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3.8 8-bit PWM Timer

The TMP96C141 has two built-in 8-bit PWM timers (timers 2 & 3).
They have two operating modes.

® 8-bit PWM (pulse width modulation: variable duty at fixed interval) output mode
® 8.bit interval timer mode

Figure 3.8 (1) is a block diagram of 8-bit PWM timer (timers 2 & 3).

PWM timers consist of an 8-bit up-counter, 8-bit comparator, and 8-bit timer register.
Two timer flip-flops (TFF2 for timer 2 and TFF3 for timer 3) are provided.

Input clocks ¢P1, 4 P4, and ¢P16 for the PWM timers can be obtained using the built-
in prescaler.

PWM timer operating mode and timer flip-flops are controlled by four control
registers (POMOD, PIMOD, PFFCR, and TRUN).
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TRUN <PRRUN>

fc/2 PWM dedicated
> prescaler
P1 4P4 4P16
¢ ¢ ¢ (—IF-I/:IF;ZZ) PWM2-OUT
(fc/4) (fc/16) (fc/64) POMOD <PWMOM > (102)
TRUN <PORUN> ¥
Set Clear
8
v
2 F/F control
LY
vy
4P1 —| RUN Clear T T PFFCR <FF2C1, 0>
4P4 ] Clock [ 5| 8-bit up counter PFFCR <FF2TRG1, 0>
$P16—> control {UC2)
T T Overflow
2n-1
POMOD <T2CLK1, 0>
) L |
AA
POMOD <PWMOS1, 0>
. Match detect Interrupt INTT2
8-bit comparator
ntrol
(P2) cont
TT POMOD <PWMOINT>
8-bit timer register
TREG2
T Shift trigger v B
Selector
L Register buffer J s A TREG-WR

{\ Register write T

1
POMOD <DB2EN>

§ 3
Internal bus

Figure3.8 (1) Block diagram of 8-bit PWM timer 0 (timer 2)

Note: Block diagram for 8-bit PWM timer 1 (timer 3) is the same as the above

diagram.
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@  Prescaler

Generates input clocks dedicated to PWM timers by further dividing the
fundamental clock (fc) after it has been divided by 2 (fc/2). Since the register used
to control the prescaler is the same as the one for other timers, the prescaler cannot
be operated independently.

The PWM timer uses three input clocks: ¢/P1, 4/P4, and ¢/P16.

Like the 9-bit prescaler described in the 8-bit timer section, this prescaler can be
counted/stopped using bit 7 <PRRUN> of the timer operation control register
TRUN. Setting <PRRUN> to 1 starts counting; setting it to 0 zero-clears and
stops counting. Resetting clears <PRRUN> to 0, which clears and stops the

prescaler.
Dedicated prescaler cycle
16MHz 20MHz
$P1 (4/fc) 250ns 200ns
4P4 (16/fc) Tus 800ns
$P16(64/f) Aus 3.2us
$P1 P4 #P16
r bz
0 1 2 3 4
Oscillator
circuit 1/2 Prescaler
T run/stop & clear

TRUN <PRRUN>

Figure3.8 (2) Prescaler
®  Up-counter

An 8-bit binary counter which counts up using the input clock specified by PWM
mode register (POMOD or PIMOD).

The input clock for the PWMO0/PWML is selected from the internal clocks ¢P1,
¢P4, and 4P16 (PWM dedicated prescaler output) depending on the value set in
the POMOD/P1MOD register.
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Operating mode is also set by POMOD and PIMOD registers. At reset, they are
initialized to POMOD<PWMOM> = 0 and PIMOD<PWMI1M> = 0, thus, the
up-counter is in PWM mode. In PWM mode, the up-counter is cleared when a 2°-1
overflow occurs; in timer mode, the up-counter is cleared at compare and match.

Count/stop & clear of the up-counter can be controlled for each PWM timer
using the timer operation control register TRUN. Resetting clears all up-counters
and stops timers.

®  Timer registers

Two 8-bit registers used for setting an interval time. When the value set in the
timer registers (TREG2 & 3) matches the value in the up-counter, the match detect
signal of the comarator becomes active.

Timer registers TREG2 and TREG3 are each paired with register buffer to
make a double buffer structure.

TREG2 and TREG3 are controlled double buffer enable/disable by POMOD
<DB2EN> and PIMOD <DB3EN> : disabled when <DB2EN> / <DB3EN>
= 0, enabled when <DB2EN>/ <DB3EN> = 1.

Data is transferred from register buffer to timer register when a 2%-1 overflow
occurs in PWM mode, or when compare and match occurs in 8-bit timer mode.
That is, with a PWM timer, the timer mode can be operated in double buffer enable
state, unlike timer mode for timers 0 and 1.

At reset, <DB2EN>/<DB3EN > is initialized to 0 to disable double buffer. To
use double buffer, write the data in the timer register at first, then set <DB2EN >
/ <DB3EN> to 1, and write the following data in the register buffer.
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Note :

Up-counter

r Comparator —[

75

| Timer register (TREG2/3) |

VAN
Shift trigger T 8-bit match detect
Selector PWM2n-1overflow
I Register buffer T
TREG2/3 WR
ﬁ Write I
{ ‘ 3
Internal bus <DB2EN>/<DB3EN>

Figure3.8 (3) Structure of Timer Registers 2 &3

The timer register and register buffer are allocated to the same memory address. When
<DB2EN>/<DB3EN> = 0, the same value is written to both register buffer and timer
register. When <DB2EN>/<DB3EN> = 1, the value is written to the register buffer
only.

Memory addresses of the timer registers are as follows:

TREG2 : 000026H
TREG3 : 000027H

Both timer registers are write only; however, register buffer values can be read
when reading the above addresses.

Comparator

Compares the value in the up-counter with the value in the timer register
(TREG2/TREG3). When they match, the comparator outputs the match detect
signal. A timer interrupt INTT2/INTT3) is generated at compare and match if the
interrupt select bit <PWMOINT>/<PWMINT> of the mode register
(POMOD/P1MOD) is set to 1. In timer mode, the comparator clears the up-counter
to 0 at compare and match. It also inverts the value of the timer flip-flop if timer
flip-flop invert is enabled.

Timer flip-flop

The value of the timer flip-flop is inverted by the match detect signal
(comparator output) of each interval timer or 2°-1 overflow. The value can be
output to the timer output pin TO2/T03 (also used as P72/P73).
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7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 9

POMOD |bit Symbol | FF2RD i DB2EN éPWMOINT% PWMOM i T2CLK1 ¢ T2CLKO  PWMOST ; PWMOSO
(0028H) ) ) -

Read/Write R w
After reset - 0 0 0 0 0 0 0
Flip-flop i1: Double :0:2%-1  (0:PWM {00 4p1 (fc/4) {00 26-1
: i overflow ; mode :

(FF2) | Buffer2! i { 01: ¢P4(fc/16) L0127
Function |output | Enable | lTimer 0. Spig(fs) 10: 2841
: i1: compare | mode :

data ; P amatch | i 11: Don't care i 11: Don'tcare

interrupt

interrupt

Read-modify-write is

prohibited.
I: Select PWMO cycle

00 |26-1
01 |27-1
10 |28-1

11 |Don’t care

> Select PWMO input clock

00 |4 P1(fc/4)

11 |Don't care

select PWMO mode
0 [PWM mode

1 |8-bit timer mode

select PWMO interrupt

0 |Overflow interrupt

" compare "and ‘match
interrupt

control double buffer
0 |Disable

PWM timer Flip-flop2 (TFF2)
output value (TO2)

Figure3.8 (4) 8-bit PWMO mode control register
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7 6 5 i 4 i 3 i 2 i 1 0
P1MOD |bit Symbol | FF3RD | DB3EN PWMI1INT PWMIM i T3CLK1 | T3CLKO | PWMIS1 | PWM1SO
(0029H) Read/Write R : w

After reset

o i o i o

I

Function

(F/F3)
output
data

Flip-flop :1: Double 0 2n-1

:0: PWM
overflow : mode

interrupt 1 Timer

: Compare : mode
and :
match

interrupt ;

Buffer3
Enable 1

¢ 00: ¢P1 {fc/d)

§ 01: ¢P4(fc/16)
i 10: gP16 (fc/64)
11: Don't care

i 00: 261
{01271
§10:281
11: Don't care

Read-modify-write is
prohibited.

Select PWM1 cycle

00 |26-1
01 27_1 .................................
10 28—1 ..................................
11 Dontcare .....................

—> Select PWM1 input clock

00 |4 P1(fc/4)
o
B
R

Select PWM1 mode

PWMmode

8-bit timer mode

Select PWM1 interrupt

0 |Overflow interrupy
"} |compare “and match
interrupt

Control double buffer

0 |Disable

1 |enable
PWM timer Flip-flop3 (TFF3)
outputvalue (TO3)

Figure 3.8 (5) 8-bit PWM1 mode control register
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7 . 6 i 5 i 4 i 3 i 2 i 1 i 0
PFFCR lbit Symbol | FF3C1 | FF3CO : FF3TRG1 | FF3TRGO | FF2C1 : FF2C0 | FF2TRG1 | FF2TRGO
(002AH) [ srwrite w RAW w : RAW
After reset o i o0 o i o i o i o i o i o

Function

00: Don't care
01:Set TFF3

10: Clear TFF3
11: Don't care

: Disable TFF3inverted. :
: Invert by match.
. Set by match;

00: Don't care
i O1:SetTFF2
{ 10: Clear TFF2

learby overflow, | .
clearbyovertiow. 1 11:Don't care

100 : Disable TFF2 inverted.
101 : Invert by match.

10 : Set by match;

: clear by overflow,

: Clear by match ;

;11 : Clear by match; : ;”
: : i setbyoverflow.

set by overflow. :

|—>Select PWM timer F/F2 (TFF2) trigger

Disable TFF2 trigger.

ear by compare and ma
Set by 2n-1 overflow.

Control PWM timerF/F2 (TFF2)

L
00 |Don’tcare
01 ..... SetTFthov ..........................
10 ..... c ]earTFthOIOH .......................
11 ,,,,, Dont care ....................................
Select PWM timer
F/F3 (TFF3) trigger .
00 {Disable TFF3 trigger.
01 {invert by compare and match. |

Set by compare and match.
Clear by 2n-1overflow.

Clear by compare and match.
Set by 2n~ 1 overflow.

Control PWM timerF/F2 (TFF2)

00 [Don’tcare
SetTFF3to "1"
“1 0 C.I‘e'zar TFF3to "0".
” AAAAA Don'tcare ...................................

Figure 3.8 (6) 8-bit PWM F/F control register
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7 6 { 5 i 4 i 3 2 i 1 i Q@

TRUN  |bit Symbol | PRRUN | TSRUN | T4RUN | PIRUN | PORUN : TIRUN : TORUN
Q020M) e caamwrite | rw : RIW

After reset 0 0 0 0 0 0 0

Prescaler & Timer Run/Stop CONTROL
Function 0: Stop & Clear
1: Run (Countup)

L-» 8-bit timer (timer0) operation

0 |[Stop &clear

L > 8-bittimer (timer1) operation

0 [Stop &clear

L s 8-bit PWM timer (PWMO0/timer2) operation

0 ([Stop &clear

8-bit PWM timer (PWMO/timer2) operation

0 |[Stop &clear

16-bit timer (timer4) operation

0 |[Stop &clear

16-bit timer (timer5) operation

0 |[Stop &clear

Prescaler operation

0 |[Stop &clear

Figure 3.8 (7) Timer operation control register (TRUN)
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The following explains PWM timer operations.
(1) PWM timer mode

Both PWM timers can output 8-bit resolution PWM independently. Since both timers
operate in exactly the same way, PWMO is used for the purposes of explanation.
PWM output changes under the following two conditions.

Condition 1:

® TFF2 is cleared to 0 when the value in the up-counter (UC2) and the value set in
the TREG2 match.

e TFF2issettol when a2"-1 counter overflow (n = 6, 7, or 8) occurs.
Condition 2:

e TFF2 is set to 1 when the value in the up-counter (UC2) and the value set in
TREG2 match.

® TFF2iscleared to 0 when a 2™-1 counter overflow (n = 6, 7, or 8) occurs.

The up-counter (UC2) is cleared by a 2™-1 counter overflow.

The PWM timer can output 0%-100% duty pulses because a 2°-1 counter overflow has
a higher priority. That is, to obtain 0% output (always low), the mode used to set TFF2
to 0 due to overflow (PFFCR<FF2TRG1,0> = 1,0) must be set and 2%-1 (Value for
overflow) must be set in TREG2. To obtain 100% output (always high), the mode must
be changed: PFFCR<FF2TRG1,0> = 1,1 then the same operation is required.

PWM timing T
PWM counter m-1 X m m+1 \\ 22 X 2 = : =
Timingin Match detect I—I
detail
2n-1overflow H
counter clear
Match detect 4 4 4
Overall
timing 2n-Toverflow !

(. [, [
e L NN

(TO2/TO3)
Figure3.8 (8) Output Waves in PWM Timer Mode

Note: The above waves are obtained in a mode where the F/F is set by a match with the timer

register (TREG) and reset by an overflow.
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Figure 3.8 (9) is a block diagram of this mode.

fc/2 —> prescaler

¢Pll¢P4l¢P16l

Clock control 8-bit up-counter Clear
(UC2) POMOD
T T T <PWMO0S1, 0>
POMOD<T2CLK1, 0>

:> 2n-foverflow
control

overflow
overflow
v
8-bit Match PFFCR<FF2TRG1, 0>
comparator
(CP2) l l PFFCR<FF2C1,0>
i | Timer (— TO2
8-bit FIF
. . control
timer register
B (TREG2)
Shift trigger
Selcto; ﬁ —> Interrupt
TREGZWR ——>|A 5 Register buffer > INTT2
control
POMOD < DB2EN > TT

POMOD <PWMOINT >

Internal bus
Figure 3.8 (9) Block diagram of PWM Timer Mode (PWMO)

In this mode, enabling double buffer is very useful. The register buffer value shifts
into TREG2 when a 27-1 overflow is detected, when double buffer is enabled.
Using double buffer makes handling small duty waves easy.

Match with TREG2 " ﬂ
o1 (Up-counter = Q1) {Up-counter = Q2)
overflow

(Shift from register buffer

TREG 2 Q \x 0,
(Compared value) .
P i
Register buffer Q, X Qs

\ Register buffer write

Figure3.8 (10) Register Buffer Operation
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Example: To output the following PWM waves to TO2 pin using PWMO at
fe =16 MHz

] [ 1 [

4——-—)[
15us

31.75us

To implement 31.75.s PWM cycle by ¢P1 = 0.25 us (@fc = 16 MHz)
31.75us+0.25us=127=2"-1.

Consequently, set nto 7.

Since the low level cycle = 15 ps; for ¢P1 = 0.25 us
1548+0.25=60=3CH

set the 3CH in TREG2.

TRUN
POMOD

T
1
>
1
1
1
1
|

Stops PWMO and clears it to 0.
Sets PWM (27-1) mode, input clock ¢P1, overflow
interrupt, and disables double buffer.

1+
1
o
o
o
(=)
(=]
(=
-

TREG2 « 0 11100 Writes 3CH.
POMOD « - 000012 Enables double buffer.
PFFCR¢ - - --0111 Sets TFF2 and a mode where TFF2 is set by compare and
match, and cleared by overflow.
PICR ¢ X X X X -1 - - Sets P72 25 TO o1
PIFC ¢« XX XX -1-X } etsP72as TO2 pin
TRUN ¢ 1 X---1-- Starts PWMO counting.
Note: X;don’t care -;no change
Table3.8 (1) PWM Cycle and 2"-1 Counter Setting
Formula 16MHz 20MHz
Ormue 4P1 P4 4P16 4P1 P4 P16
26-1 | 26-1x 4Pn | 15.8us 63.0us 252us 12.6us 50.4us 201us
(63kHz) (16kHz) (3.9kHz) (79kHz) (20kHz) (4.9kHz)
27-1 27-1% 4Pn 31.8us 127.0us 508us 25.4us 101.64s 406us
(31kHz) (7.9kHz) (1.9kHz) (39kHz) (9.8kHz) (2.5kHz)
28-1 | 28-1x¢4Pn | 63.8us 255.048 10204s 51.0us 204.0ps 81645
(16kHz) (3.9kHz) (0.98kHz) (20kHz) (4.9kHz) (1.2kHz)
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(2) 8-bittimer mode

Both PWM timers can be used independently as 8-bit interval timers. Since both
timers operate in exactly the same way, PWMO (timer 2) is used for the purposes of
explanation.

@D  Generating interrupts at a fixed interval

To generate timer 2 interrupt (INTT2) at a fixed interval using PWMO timer,
first stop PWMO, then set the operating mode, input clock, and interval in the
POMOD and TREG2 registers. Next, enable INTT2 and start counting PWMO.

Example: To generate a timer 2 interrupt every 40us at fc = 16MHz, set
registers as follows:

TRUN

€«-X---0-- Stops PWMO and clearsitto 0.
POMOD «X01100XX Sets 8-bit timer mode and selects ¢P1 (0.25 us) and
compare interrupt.
TREG2 «10100000 Sets 40.5/0.25us = AOH in timer register.
INTEPW10 « - - - -1100 Enables INTT2 and sets interrupt level 4.
TRUN «1X---1-- Starts counting PWMO.
Note: X;don’t care -;no change

Select an input clock using the table below.

Table3.8 (2) Interrupt Cycle and Input Clock Selection using 8-bit timer mode

Input clock ;?@tfgr:;);,\c/‘y:; Resolution én@t?é'l;u;;“c/‘y'_cllze; Resolution
$P1 (4/fc) 0.25 us ~ 64 us 0.25 us 0.2 ws~51.2  pus 0.2 s
$P4 (16/fc) 1 us ~ 256 us 1 wps|| 08 us~204.8 us 0.8 us

#P16 (64/fc) 4  us ~ 1024us 4  us|| 3.2 us~819.2 us 32 us

Note: To generate interrupts in 8-bit timer mode, bit 5 (interrupt control bit <PWMOINT > /
<PWMINT> of POMOD/P1MOD) must be set to 1.
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@  Generating a 50% square wave

To generate a 50% square wave, invert the timer flip-flop at a fixed interval and
output the timer flip-flop value to the timer output pin (T02).

Example: To output a 3.0 us square wave at fc = 16 MHz from TO2 pin, set
registers as follows.

TRUN ¢« -X---0-~ Stops PWMO and clears it to 0.

POMOD « X 01100 X X Sets 8-bit timer mode and selects ¢P1 (0.25 us) as the
input clock.

TREG2 « 00000110 Sets 3.04s/0.2545/2 = 6 in the timer register.

PFFCR ¢ - - - -100 1 Clears TFF2 to 0 and inverts using comparator output.

P7CR <-XXXX-1--1

PIFC ¢ X XX X-1-X | Sets P72 as TO2 pin.

TRUN «1 X ---1-- Starts counting PWMO.

Note: X;don’t care -;no change

ot _ [Ty
TRUN — |
Up-counter 01___J 02 {03 Y oa Y o5 Y oe X Yooz {oa ) o5 o6 X Xory 02 |

Comparator
timing

Match & n

detect
UC clear n

TFF2 | |

TO2

1.5us (@fc = 16MHz)

Figure3.8(11) Square Wave (50% Duty) Output Timing Chart
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This mode is as shown in Figure 3.8 (12) below.

fc/2 > Prescaler

¢P1l¢P4 l¢P161

Clock control

8-bit up counter

Clear

Timer F/F
> T02/TO3

(UC2/UC3)
POMOD<T2CLK1, 0>/
P1IMOD<T3CLK1, 0>
A4
8-bit comparator Match
(CP2/CP3)
8-bit
timer register
B (TREG2/TREG3)
selector Shift trigger ﬁ
TREG2/3 WR A s
T Register buffer
POMOD <DB2EN>/
PIMOD <DB3EN> {T
|
Register write S S

Internal bus

control

Ah
PFFCR<FF2C1,0>/
PFFCR<FF3C1,0>

PFFCR<FF2TRG1, 0>/

Figure3.8(12) Block Diagram of 8-bit Timer Mode

PFFCR<FF3TRG1, 0>
Interrupt INTT2
/INTT3
control

A

POMOD <PWMOINT >/
P1IMOD<PWMI1INT>
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3.9

16-bit Timer

TMP96C141 has two (timer 4 and timer 5) multifunctional 16-bit timer/event counter
with the following operation modes.

16-bit interval timer mode

16-bit event counter mode

16-bit programmable pulse generation (PPG) mode
Frequency measurement mode

Pulse width measurement mode

Time differential measurement mode

Timer/event counter consists of 16-bit up-counter, two 16-bit timer registers, two 16-
bit capture registers (One of them applies double-buffer), two comparators, capture
input controller, and timer flip-flop and the control circuit.

Timer/event counter is controlled by 4 control registers: TAMOD/T5MOD, T4FFCR /
T5FFCR, TRUN and T45CR.

Figure 3.9 (1), (2) shows the block diagram of 16-bit timer/event counter (timer 4 and
timer 5) .
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TOSHIBA TMP96C141
7 i 6 i s i 4 i 3 i 2 i 1 i 0
TAMOD [bit symbol | CAP2T5 | EQSTS | CAPIIN CAPI2M1:CAP12MO} CLE | T4CLK1 | TACLKQ
) (0038H) Read/Write R/W w RIW RW RW
After reset 0 R 1 o0 o0 Poo Y S
TEFSinvert trigger  i0° Soft- ?Captqre timing 11:UC4 ! Timer 4source clock
. . Capture ;00: Disable : Clear 00: Tl
0: Disable trigger . dont | Teoccursatriseedge. { Enable T4
Function |1: Enable trigger : 'care 01:Tiay  TIST : 01: ¢T1
: INT4 occurs at rise edge. } 10: T4
Invert iInvert ; i10: Tiap T4y : .
when the, §When the i INT4 oceurs at fall edge. 1 ¢T16
UCvalue s up-counter: 1 TER T oTERI :
lco:gzed to 'T:Etéges i INT4 occurs at rise edge.
1
— > Timer 4 input clock
00 |External clock (T14)
11 |¢T16 (128/fc)
> Clearing the up-counter UC4
0 |Cleardisable
1 |Clear by match with TREGS.

Figure 3.9(3) 16-Bit Timer Mode Controller Register (TAMOD) (1/2)
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7 ¢ 6 1 5 i o4 i 3 i 2 i 1 i 0
TAMOD |bit Symbol | CAP2TS | EQSTS ; CAPIIN :CAPi2M1iCAP12MO; CLE | TACLKI | T4CLKO
(0038H) [peagmwrite RIW Pow RIW POoRw RIW
Afterreset| 0 i o ¢ 1 i o i o i 0 i 0 { o0
TFFSinverttrigger  :0° 2°ft; iCapture timing i: gIC4 ¢ Timer 4 source clock
a re: : H ear H
. 0: Disable trigger 1 do:’: :OOI'NEIIIs:cEfsatrise edge. Enable 00: 714
Function |4. Enable trigger : 'care §o1;1-|41~ Tis ¢} : 1 01:4T1
Invert glnvert INT4 occurs at rise edge. 10: ¢T4
when the whenthe : (10: 4t Tay ; P 11:4T16
UC value is5up-counteﬁ i INT4occurs at fall edge. ! ;
loaded to i matches TERLTOTRR] :
CAP2 {TREGS : INT4 occurs at rise edge.
I | b 1

-

Capture timing of timer4

Capture control INT4 control
00 |[Capture disable Interrupt occurs
CANatTmme .............. at the rise edge
01 of TI4 (INT1)
CAP2 at TI5 rise input.
R ——— literiipt Gecire
CAP1 at Tl rise at the fall edge L
10 of TI4 (INT1)
............ CAP2atTiafall  .linput. .
. Interrupt occurs —
" CAP1 at TFF1 rise atfthe risc(e edg‘; A
of Ti4 (INT1
CAP2 at TFF1 fall input.

Software capture

0 |The up-counterd valueisloaded to CAP1
(software capture).

1 |Alwaysreadas”1”.

Timer flip-flop 5 (TFF5) invert trigger

0 [Triggerdisable (Invert Prohibition)

1 |Trigger enable (Invert permission)

CAP2T5 : Invert when the up-counter value isloaded to CAP2
EQ5T5 : Invertwhen the up-counter matches TREGS

Figure 3.9 (4) 16-Bit Timer Controller Register (TAMOD) (2/2)
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T4FFCR
(0039H)

TMP96C141
7 i 6 5 i 4 1 3 i 2 L 1 i 0
bit Symbol | TFFSC1 | TFFSCO | CAP2T4 ; CAPIT4 : EQST4 ; EQ4T4 | TFF4CT | TFF4CO
Read/Write w POoRW P ORW D RW P RW w
After reset 0 0 0 0 (] 0 0 0
00: Invert TFFS5 §TFF4inverttrigger EOO:Invert TFF4
01: Set TFF5 :0: Disable trigger :01: Set TFF4
Function |10:Clear TFFS {1: Enable trigger i10: Clear TFF4

11:don't care

élnvertwhen glnvertwhen ilnvertwhen glnvertwhen H

;1 1:don't care

Always read as “11”.  the UCvalue :the UCvalue ithe UC ithe UC i Always read as
isloadedto isloadedto imatches ‘matches 11"
cap2 S CAPT STREGS “TREGA :
| ]

1

|—> Timer flip-flop 4 (TFF4) control

Inverts the TFF4 value (software inversion).

Don’t care (Alwaysread as “11") .

Timer

flip-flop 4 (TFF4) invert trigger

1

Trigger disable {(Invert prohibition)

Trigger enable (Invert permission)

CAP2T4 : Invert when the up-counter value is loaded to CAP2
CAP1T4 : Invert when the up-counter value is loaded to CAP1
EQ5T4 : Invert when up-counter matches TREG5
EQ4T4 : Invert when up-counter matches TREG4

Timer flip-flop 5 (TFF5) control

Inverts the TFF5 value (software inversion).

Don't care (Alwaysread as “11".)

Figure 3.9 (5) 16-Bit Timer 4 F/F Control (TAFFCR)
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7 ¢ 6 i 5 i a4 i 3 i 2 i 1 i 0
T5MOD [bit Symbol | CAP3IN iCAP3AM1iCAP34MO; CLE | T5CLKI | T5CLKO
(0048H) [Read/write Pow RW Y RIW
After reset 1 0 0 0 0 0
i0: Soft-  iCapture timing (1:UC5  Timer 5 source clock
Capture :00: Disable i Clear 00:Ti6
) ‘1: don't ! INT6occursatriseedge. i Enable @
Function H .ca?rne i01:msr  T7Y P01 gT1
i INT6 occurs at rise edge. S 10: ¢T4
110: 767 TI6| H .
i INT6 occurs at fall edge. ! 11:4T16
H1ITRRIY TFRTY H
INT4 occurs at rise edge. !
L

—> Timer 5input clock

00 |[External clock (T14)

11 | 4T16 (128/fc)

ng the up-counter UC5

0 |Cleardisable

1 |Clear by match with TREG7

Figure 3.9 (6) 16-bit Timer Mode Control Register (TSMOD) (1/2)
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P05 i a4 3 1 2 i 0
T5SMOD [bit Symbol | CAP3IN CAP34MI1:CAP34MO | CLE | TSCLK1 | T5CLKO
(0048H) [read/write Low RIW PORW RW
After reset 1 0 : 0 0 0 0
i0: Soft-  iCapture timing UC5 | Timer5 source clock
i Capture:00: Disable Clear : 00: T
1 don‘t i INT6 occurs at rise edg Enable : 0:Tie
i 01:mer  TIZR : 01: ¢T1
care H . H
: INT6 occurs at rise edg : 10: 474
110:TI6Y  TI6Y : .
i INT6 occurs at fall edge. : 11: 4716
TLTFRIY O TRR i
j INT4 occurs at rise edge.
Timer 5 Capture timing
Capture control INT4 Control

00 |Capture disable

CAP3 at TFF1rise
CAP4 at TFF1 fall

0 CAP3 at Tl6 rise
1
CAP4 at TI7 rise
CAP3 atTI6 rise
10
CAP4 at Tie fall

Interrupt occurs

at the rise edge

of TI6 (INT6) £
input.

at the rise edge
of TI6 (INT6) £ |
input.

L » Software capture

1 |Alwaysreadas”1”.

0 |The up-counter 5valueisloaded to CAP3.

Figure 3.9 (7) 16-Bit Timer Control Register (TSMOD) (2/2)
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76 s 4 i3 2 i1 | 0
T5FFCR |bit Symbol | CAP4T6 | CAP3T6 | EQUT6 | EQ6T6 | TFF6CT | TFF6CO
(0049H) [geaanwrite T Rw | Rw | AW RW W
After reset 0 0 o 0 0 -

{00: Invert TFF6
: Set TFF6
:Clear TFF6
t11: don't care

TFF6 invert trigger
{0: Disable trigger
1: Enable trigger

Function : : T :
{Invertwhen nvertwhen :invertwhen :Invertwhel

?rhe UCvalue ithe UCvalue :the UC ‘the UC Always read as
gisloaded to §,s loaded to %matches ;matches "1

§CAPLI gCAPS TREG7 TREG6

! |

1

|—> Timer flip-flop 6 (TFF6) control

00 [invertsthe TFF4 value (software inversion).

11 |Don‘tcare (Alwaysread as “11”).

> Timer flip-flop 6 (TFF6) invert trigger

0 |Trigger disable (Invert prohibition)

1 |Trigger enable (Invert permission)

CAPAT6 : Invert when the up-counter value is loaded to CAP4
CAP3T6 : Invertwhen the up-counter value is loaded to CAP3
EQ7T6 : Invertwhen up-counter matches TREG7
EQ6T6 : Invert when up-counter matches TREG6

Figure 3.9 (8) 16-Bit Timer5 F/F Control (TSFFCR)
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7 i 6 s i a4 i3 i 2 i 1 i 0

T45CR  [bit Symbol - i i PGIT | PGOT i DBGEN : DB4EN
(003AH) Read/Write RW R/W
After reset [ o0 i o0 o0 io
' Fixat 0" | PG1shift  ipGoshift
| e

i Timer Trigger: Timer Trigger: 1: Enable
{(Timer0,1)  {(Timer0,1) TpoibeT TpooE |

[l I6bit 0 A6bIt 1y tferof | buffer of
:T“’T‘e"T”‘:‘JQEl';TI'merTrigger;TREG6 TREG4

;(Timer 5 {(Timer4)

L Double buffer countrol
0 |Disable

1 |Enable

DBG6EN : Double buffer of TREG6
DBA4EN : Double buffer of TREG4

Figure 3.9 (9) 16-Bit Timer (Timer 4, 5) Control Register (T45CR)

7 i 6 i 5 i 4 i 3 i 2 i 1 i 0

TRUN |bit Symbol | PRRUN | " TSRUN | TARUN i PIRUN | PORUN | TIRUN { TORUN
(0020H)f peagwrite|  rw RIW
After reset 0 o0 i 0 i o0 o0 io0 o

Prescaler & Timer Run/Stop CONTROL
0: Stop & Clear
1: Run(Countup)

L Operation of 16-bit timer (timerd)

0 |Stop and clear

L———> Operation of 16-bit timer (timer5)

0 |Stop and clear

1 |Count

Operation of prescaler

0 |STOPandclear

Figure 3.9 (10) Timer Operation Contorl Register (TRUN)
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@  Up-counter (UC4/UC5)

UC4/UC5 is a 16-bit binary counter which counts up according to the input
clock specified by TAMOD <T4CLK1,0> or TSMOD <T5CLK1, 0> register.

As the input clock, one of the internal clocks ¢T1 (8/fc), 4T4 (32/fc), and ¢T16
(128/fc) from 9-bit prescaler (also used for 8-bit timer), and external clock from TI4
pin (also used as P80/INT4 pin) or TI6 (also used as P84/INT6 pin) can be selected.
When reset, it will be initialized to <T4CLK1,0> / <T5CLK1,0> =00 to select
TI4/T16 input mode. Counting or stop & clear of the counter is controlled by timer
operation control register TRUN < T4RUN, TSRUN >,

When clearing is enabled, up-counter UC4/UC5 will be cleared to zero each time
it coincides matches the timer register TREG5, TREG7. The “clear enable/disable”
is set by TAMOD < CLE >and TsMOD <CLE>.

If clearing is disabled, the counter operates as a free-running counter.

@  Timer Registers

These two 16-bit registers are used to set the interval time. When the value of
up-counter UC4/UCH matches the set value of this timer register, the comparator
match detect signal will be active.

Setting data for timer register (TREG4, TREG5, TREG6 and TREG7) is
executed using 2 byte date transfer instruction or using 1 byte date transfer
instruction twice for lower 8 bits and upper 1 bits in order.

TREG 4 TREG 5
| Upper 8 bits | Lower 8 bits | LUpper 8 bits I Lower 8 bits ‘
000031H 000030H 000033H 000032H
TREG 6 TREG 7
‘ Upper 8 bits l Lower 8 bitsJ LUpperS bits ’ Lower 8 bits |
000041H 000040H 000043H 000042H

TREG4 and TREGS timer register is of double buffer structure, which is paired
with register buffer. The timer control register TA5CR<DB4EN, DB6EN >
controls whether the double buffer structure should be enabled or disabled.
disabled when <DB4EN, DB6EN> =0, while enabled when <DB4EN,
DB6EN>=1.
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When the double buffer is enabled, the timing to transfer data from the register
buffer to the timer register is at the match between the up-counter (UC4/UC5) and
timer register TREG5/TREG?7.

When reset, it will be initialized to <DB4EN, DB6EN> =0, whereby the
double buffer is disabled. To use the double buffer, write data in the timer register,
set <DB4EN, DB6EN>=1, and then write the following data in the register
buffer.

TREG4, TREG6 and register buffer are allocated to the same memory addresses
000030H/000031H/000040H/000041H. When <DB4EN, DB6EN> =0, same
value will be written in both the timer register and register buffer. When
<DB4EN, DB6EN > =1, the value is written into only the register buffer.

®  Capture Register

These 16-bit registers are used to hold the values of the up-counter.
Data in the capture registers should be read by a 2-byte data load instruction or
two 1-byte data load instruction, from the lower 8 bits followed by the upper 8 bits.

CAP1 CAP2
l Upper 8 bits l Lower 8 bits \ rUpperS bits [ Lower 8 bitsJ
000035H 000034H 000037H 000036H
CAP3 CAP4
[ Upper 8 bits \ Lower 8 bits l rU pper 8 bits I Lower 8 bitsJ
000045H 000044H 000047H 000046H

@  Capture Input Control

This circuit controls the timing to latch the value of up-counter UC4/UCS5 into
(CAP1, CAP2)/ (CAP3, CAP4). The latch timing of capture register is controlled
by register TAMOD <CAP12M 1,0>/T5MOD <CAP34M1, 0>.

® When TAMOD<CAP12M 1, 0> /T5MOD <CAP34M1, 0> =00

Capture function is disabled. Disable is the default on reset.
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¢ When T4AMOD <CAP12M1, 0> /T5MOD <CAP34M1, 0> =01

Data is loaded to CAP1, CAP3 at the rise edge of TI4 pin (also used as P80/INT4)
and TI6 pin (also used as P84/INT6) input, while data is loaded to CAP2, CAP4 at
the rise edge of TI5 pin (also used as P81/INT5) and TI7 pin (also used as
P85/INT7) input. (Time difference measurement)

® When TAMOD <CAP12M1, 0> /T5MOD <CAP34M1,0> =10

Data is loaded to CAP1 at the rise edge of TI4 pin input and to CAP3 at the rise
edge of TI6, while to CAP2, CAP4 at the fall edge. Only in this setting, interrupt
INT4/INT6 occurs at fall edge. (Pulse width measurement)

® When T4MOD <CAP12M1, 0> /T5MOD <CAP34M1,0> =11

Data is loaded to CAP1, CAP3 at the rise edge of timer flip-flop TFF1, while to
CAP2, CAP4 at the fall edge.

Besides, the value of up-counter can be loaded to capture registers by software.
Whenever “0” is written in T4AMOD <CAPIN >, TSMOD <CAP31N > the current
value of up-counter will be loaded to capture register CAP1/CAP3. It is necessary
to keep the prescaler in RUN mode (TRUN <PRRUN > to be “17).

®  Comparator

These are 16-bit comparators which compare the up-counter UC4/UC5 value
with the set value of (TREG4, TREG5) / (TREG6, TREGT7) to detect the match.
When a match is detected, the comparators generate an interrupt INTT4, INTT5)
/ ANTT6, INTT7) respectively. The up-counter UC4/UC5 is cleared only when
UC4/UC5 matches TREG5/TREGT. (The clearing of up-counter UC4/UC5 can be
disabled by setting T4MOD <CLE> /T5MOD <CLE > =0.)

®  Timer Flip-flop (TFF4/TFF6)

This flip-flop is inverted by the match detect signal from the comparators and
the latch signals to the capture registers. Disable/enable of inversion can be set
for each element by T4AFFCR<CAP2T4, CAP1T4, EQ5T4, EQ4T4> / T6FFCR
<CAP4T6, CAP3T6, EQ7T6, EQ6T6>. TFF4/TFF6 will be inverted when “00” is
written in TAFFCR<TFF4C1,0> / T6BFFCR<TFF6C1, 0>. Also it is set to “1”
when “10” is written, and cleared to “0” when “10” is written. The value of
TFF4/TFF6 can be output to the timer output pin TO4 (also used as P82) and TO6
(also used as P86).
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@  Timer Flip-flop (TFF5)

This flip-flop is inverted by the match detect signal from the comparator and the
latch signal to the capture register CAP2. TFF5 will be inverted when “00” is
written in T4AFFCR<TFF5C1,0>/T6FFCR<TFF6C1, 0>. Also it is set to “1”
when “10” is written, and cleared to “0” when “10” is written. The value of TFF5
can be output to the timer output pin TO5 (also used as P82).

Note : This flip-flop (TFF5) is contained only in the 16-bit timer 4
(1)  16-bit Timer Mode

Timers 4 and 5 operate independently.
Since both timers operate in exactly the same way, timer 4 is used for the purposes of
explanation.

Generating interrupts at fixed intervals
In this example, the interval time is set in the timer register TREGS5 to generate the

interrupt INTTRS5.
76543210
TRUN €-X-0---- Stop timer 4.
INTET54 « 11001000 Enable INTTRS and sets interrupt level 4. Disable
INTTR4.
TAFFCR « 11000011 Disable trigger.
TAMOD « 001001 * * Select internal clock for input and
(**=01, 10, 11) disable the capture function.
TREG5 e Kk ok % K ok ok ok % Set the interval time (16 bits).
% sk ok ok ok ok % ok
TRUN c1X-1---- Start timer 4.
Note: X;don’t care -;no change

(2) 16-bit Event Counter Mode

In 16-bit timer mode as described in above, the timer can be used as an event counter
by selecting the external clock (TI4/TI6 pin input) as the input clock. To read the value
of the counter, first perform “software capture” once and read the captured value.

The counter counts at the rise edge of TI4/T16 pin input.

TT4/T16 pin can also be used as P80/INT4 and P84/INT6.

Since both timers operate in exactly the same way, timer 4 is used for the purposes of
explanation.
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TRUN €«-X-0---- Stop timer 4.

P8CR - - - - - - - 0 Set P80 to input mode

INTETS54 « 1100 1000 Enable INTTR5 and sets interrupt level 4, while
disables INTTR4.

TAFFCR « 11000011 Disable trigger.

T4MOD ¢« 00100100 Select Tl4 as the input clock.

TREGH  « * % s ok & % & % Set the number of counts (16 bits).

TRUN €«1X-1---- Starttimer 4.

Note : When used as an event counter, set the prescaler in RUN mode.

(3) 16-bit Programmable Pulse Generation (PPG) Output Mode

Since both timers operate in exactly the same way, timer 4 is used for the purposes of
explanation.

The PPG mode is obtained by inversion of the timer flip-flop TFF4 that is to be
enabled by the match of the up-counter UC4 with the timer register TREG4 or 5 and to
be output to TO4 (also used as P82). In this mode, the following conditions must be
satisfied.

(Set value of TREG4) < (Set value of TREG5)

TRUN €«-X-0---- Stop timer 4.

TREG4  « * * & % % % & % Setthe duty. (16-Bit)

TREGH  « * * % % % x & Set the cycle. (16-Bit)

T45CR ¢ 0 X X X - - - 1 Double Buffer of TREG4 enable
(Change the duty and cycle at the interrupt INTTR5)

TAFFCR « 11001100 Set the mode to invert TFF4 at the match with
TREG4/TREGS, and also set the TFF4to “0”.

T4MOD « 001001 * * Select the internal clock for the input, and disable

(**=01,10,11) the capture function.

P8CR - =-- - - 1- - )
P8FC X - XX~-1XKX Assign P82 as TO4.
TRUN «1XxX-1---- Start timer 4.

Note : X;don’t care - ;no change
. Match with TREG4 ﬂ I"I n ﬂ |'|
(interrupt INTTR4)

(ﬂ JL T T
TO4 pin ‘ U I_J l_l u

Figure 3.9(11) Programmable Pulse Generation (PPG) Output Waveforms

Match with TREG5
(interrupt INTTR5)
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When the double buffer of TREG4 is enabled in this mode, the value of register buffer
4 will be shifted in TREG4 at match with TREGS5. This feature makes easy the handling
of low duty waves.

Match with TREG4 Up-counter=Q, Up-counter = Qy
Match with TREG5
atchwit [ Shiftinto the TREGS
TREG4
(value to be Q1 \X Q2
compared) ™
Register buffer Q2 X Q3

Write into the TREG4

Figure 3.9 (12) Operation of Register Buffer

Shows the block diagram of this mode.

TRUN<TARUN> 164 (pPG output) TOS
Y :
$I1—> 16-Bit up-counter FIF FIF
Selector clear
¢¢TT1‘}5—> uca (TFF4) (TFF5)
A4 n A4
matc|
16-Bit Comparator 16-Bit Comparator § match
N >
TREG4
P
Selector
TREG4-WR —>
Register buffer 4 TREGS
T45CR<DB4EN> TT ﬁ
Internal bus

Figure 3.9 (13) Block Diagram of 16-Bit PPG Mode
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@

Application Examples of Capture Function
The loading of up-counter (UC4) values into the capture registers CAP1 and CAP2,
the timer flip-flop TFF4 inversion due to the match detection by comparators CP4 and
CP5, and the output of the TFF4 status to TO4 pin can be enabled or disabled. Combined
with interrupt function, they can be applied in many ways, for example:
@  One-shot pulse output from external trigger pulse
@  Frequency measurement
®  Pulse width measurement
@  Time difference measurement
@  One-shot Pulse Output from External Trigger Pulse
Set the up-counter UC4 in free-running mode with the internal input clock, input the
external trigger pulse from TI4 pin, and load the value of up-counter into capture
register CAP1 at the rise edge of the TI4 pin. Then set to TAMOD<CAP12M1, 0> =01.
When the interrupt INT4 is generated at the rise edge of TI4 input, set the CAP1
value (c) plus a delay time (d) to TREG4 (= c¢+d), and set the above set value (c+d) plus
a one-shot pulse width (p) to TREG5 (= ¢+d+p). When the interrupt INT4 occurs the
T4FFCR<EQ5T4, EQ4T4 >register should be set that the TFF4 inversion is enabled
only when the up-counter value matches TREG4 or TREG5. When interrupt INTTR5
occurs, this inversion will be disabled.
(’ Set the counter in free-running mode.
Count clock ”””””” ””"”" I”””l _mmﬂ
(internal clock) m—— __c+d+p__ -=-
Tl4 pin input
(external trigger puﬁse) _l\§ Load the up-counter value into Capture I_'

Register 1 (CAP1) INT4 occurred

Al

Inversion
enable

Disables inversion\ 1 [nversion

caused by Ioading\
of the up-counter  enable

¥ value into CAP1.

Match with TREG4

INTTRS occyrred
r i

-

Match with TREG5

Jt

Timer output pin TO4

Delay time Pulse width

(d) (P} 010289

Figure 3.9 (14) One-Shot Pulse Output (with Delay)
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Setting example : To output 2ms one-shot pulse with 3ms delay to the external

trigger pulse to T14 pin
Main setting Keep counting (Free-runnig)
_ 4 Countwith ¢T1.
T4AMOD « - -101001

Load the up-counter value into CAP1 atthe rise edge
TAFFCR « 1100 9__0' 10 of Tl4 pin input.
Clear TFF4 to zero.
\————— > Disable TFF4 inversion.

PBCR ¢ - = - = - 1 - - 1

PBFC ¢ X -XX-1XX J Select P82 as the TO4 pin.

INTE4 ¢ - ---1100 Enable INT4, and disable INTTR4 and INTTR5.
INTETB4¢ 10001000

LTRUN « 1X-1---- Start timer 4.

Setting of INT4

TREG4 <« CAP1+3ms/¢4T1
TREGD <« TREGA+2ms/¢T1

T4FFCR ¢ - - - =11 - -
= Enable TFF4 inversion when the up-counter value
matches TREG4 or 5.
INTETS4¢« 1100 - - - - Enable INTTRS.
Setting of INT5
T4FFCR ¢ - - --100 - -
- Disable TFF4 inversion when the up-counter value
matches TREG4 or 5.
INT‘ET544- 1000---- Disable INTTRS.
Note: X;don’t care -;no change

When delay time is unnecessary, invert timer flip-flop TFF4 when the up-
counter value is loaded into capture register 1 (CAP1), and set the CAP1 value (c)
plus the one-shot pulse width (p) to TREG5 when the interrupt INT4 occurs. The
TFF4 inversion should be enabled when the up-counter (UC4) value matches
TREGS5, and disabled when generating the interrupt INTTR5.
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(internal clock)
Tl4 pin input
ternal tri | ‘l Load the up-counter value into Capture
(external trigger pulse) Register 1 &AN). INT4 occurred P

2" INTTRS
/ﬂ occurred

Count clock ””"""" ””""” "”"""
C c+p

Load the up-counter value into
Capture Register 2 (CAP2).

Match with TREGS

f

Inversion
ena

Timer output pin TO4

Pulse width

/

Enables inversion caused
by loading of the up-
counter value into CAP1.

;' /
(p) ' Disables inversion caused by loading of
the up-counter vaiue into CAP2.

010289

Figure 3.9 (15) One-Shot Pulse Output (without Delay)
®  Frequency Measurement

The frequency of the external clock can be measured in this mode. The clock is
input through the TI4 pin, and its frequency is measured by the 8-bit timers
(Timer 0 and Timer 1) and the 16-bit timer/event counter (Timer 4).

The T14 pin input should be selected for the input clock of Timer 4. The value of
the up-counter is loaded into the capture register CAP1 at the rise edge of the
timer flip-flop TFF1 of 8-bit timers (Timer 0 and Timer 1), and into CAP2 at its fall
edge.

The frequency is calculated by the difference between the loaded values in
CAP1 and CAP2 when the interrupt INTTO or INTT1) is generated by either 8-bit
timer.

Count clock ””””"" ”"”"

(internal clock) C1 2

TFF1 ! '
]

c1 i

1

]

Loading UC16 into CAP1

Loading UC16 into CAP2 \ T !]
I L

TNTTO/INTT?

Cc2

!1
i

—1 """

010289
Figure 3.9 (16) Frequency Measurement
For example, if the value for the level “1” width of TFF1 of the 8-bit timer is set

to 0.5 s. and the difference between CAP1 and CAP2 is 100, the frequency will be
100/0.5[s]=200[Hz].
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®  Pulse Width Measurement

This mode allows to measure the “H” level width of an external pulse. While
keeping the 16-bit timer/event counter counting (free-running) with the internal
clock input, the external pulse is input through the TI4 pin. Then the capture
function is used to load the UC4 values into CAP1 and CAP2 at the rising edge and
falling edge of the external trigger pulse respectively. The interrupt INT4 occurs
at the falling edge of TI4.

The pulse width is obtained from the difference between the values of CAP1 and
CAP2 and the internal clock cycle.

For example, if the internal clock is 0.8 microseconds and the difference
between CAP1 and CAP2 is 100, the pulse width will be 100 X 0.8 = 80
microseconds.

Count clock ”””””" """”"
1 2 -7

(internal clock) C

T14 pin l———]
(external pulse) | . ! H :
1
c1 1 n C1 |
3 ¥ 1

Loading UC16 into CAP1

!
( \*ﬂ ) " 2
Loading UC16 into CAP2 |

INT4

010289

Figure 3.9 (17) Pulse Width Measurement

Note: Only in this pulse width measuring mode (T4MOD<CAP12M1, 0> =10), external
interrupt INT4 occurs at the falling edge of TI4 pin input. In other modes, it occurs at the
rising edge.

The width of “L.” level can be measured from the difference between the first C2
and the second C1 at the second INT4 interrupt.

@  Time Difference Measurement

This mode is used to measure the difference in time between the rising edges of
external pulses input through T14 and TI5.

Keep the 16-bit timer/event counter (Timer 4) counting (free-running) with the
internal clock, and load the UC4 value into CAP1 at the rising edge of the input
pulse to TI4. Then the interrupt INT4 is generated.

Similarly, the UC4 value is loaded into CAP2 at the rising edge of the input
pulse to TI5, generating the interrupt INT5.

The time difference between these pulses can be obtained from the difference
between the time counts at which loading the up-counter value into CAP1 and
CAP2 has been done.
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Count clock ”"""" o __Jmnn.ﬂ. —————

(internal clock) c1 C2

41
1

K [
\
N

Ti4 pininput

Loading UC16 into CAP1

Loading UC16 into CAP2

e
—3 T = 1

INT2

i
1
I
i
1
i
INT1 n
i
1
|
1
i
1

010289

)
Time difference !
[}
1

Figure 3.9 (18) Time Difference Measurement

(5) Different Phased Pulses Output Mode

In this mode, signals with any different phase can be outputted by free-running up-
counter UC4.

When the value in up-counter UC4 and the value in TREG4 (TREGS5) match, the
value in TFF4 (TFF5) is inverted and output to TO4 (TO5).

This mode can only be used by 16-bit timer 4.

Counter
(free-running)

Match with TREG4 ﬂ |-| ”
Match with TREG5 /ﬂ H ﬂ

TO4

TOS
Figure 3.9 (19) Phase Output

Cycles (counter overflow time) of the above output waves are listed below.

16MHz 20MHz
$T1 32.768 ms 26.214 ms
$T4 131.072 ms 104.856 ms
$T16 524.288 ms 419.424 ms
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3.10 Stepping Motor Control/Pattern Generation Port

TMP96C141 has 2 channels (PGO and PG1) of 4-bit hardware stepping motor
control/pattern generation (herein after called PG) which actuate in synchronization
with the (8-bit/16-bit) timers. The PG (PGO0 and PG1) are shared in 8-bit I/O ports P6.

Channel 0 (PGO) is synchronous with 8-bit timer 0 or timer 1, 16-bit timer 5, to
update the output.

The PG ports are controlled by control registers (PGO1CR) and can select either
stepping motor control mode or pattern generation mode. Each bit of the P6 can be used
as the PG port. ‘

PGO and PG1 can be used independently.

All PG operate in the same manner except the following points, and thus only the
operation of PGO will be explained below.

Different Points between PGO and PG1
PGO PG1

TiggerSignal | fromTimmer4 | from Timmer5

(N
o7 P63/PGO3
PGO3 —»D
1-2 excitation L . (P67/PG13)
r‘—_———J 1/2 excitatjon
b3
————>| SAO03
: Crer
PG02 P62/PG02
— I:] (P66/PG12)
— € v
g9 o
- Z2 |&8
©
b [ PeipGO!
= L (P65/PG11)
b1—’ SA01
b4 i
PGUZ'_—>D P60/PG0O0O
F—-————J (P64/PG10)
bo—’ SA00
~ A

Figure 3.10 (1) PG Block Diagram

MCU900-112



TOSHIBA TMP96C141

7 i 6 i 5 i 4 i 3 i 2 1 1 i 0
PGO1CR |bit Symbol | PAT1 | CcCcw1 i PGIM i PGITE i PATO | CCWO i PGOM i PGOTE
(004EH) fpeadnwrite R/W ' R/W
After reset 0 0 0 oo 0 0 0 oo
PG1write :PG1 PGl mode PG1 IPGOwrite iPGO GO mode :PGO
mode Rotaing  i(excitation)itrigger  :mode Rotaing xcitation):trigger
0: 8bit idirection 0: texcitationiinput 0 8bit idirection Texcitationtinput
Function write  :0: Normal | %7 éenable i write i0:Norma or genable
, i rotation ¥Ry gisable i rotation:, 2®U%g. gicable
1: 4bit L. 101 e :1: 4bit : 1-2 ey
. :1: Reverse : ... il:enable : . 11: Revers: ... _‘l:enable
write rotation' excitation : : write rotation: excitation :
L 1 | | |

|—> PGO Triggerinputenable

0 | Triggerinputdisable to PGO

1 | Triggerinputenable to PGO

L— > Setthe operation mode of PGO

0 1 or 2 excitation (full step)

1 1-2 excitation (half step) / PG mode

PGO (stepping motor control)
Rotaing direction control

0 Normal rotation /PG mode

1 Reverse rotation

Selecting PGO write mode
0 | 8-bitwrit

4-bit write / PG mode
(Only shifter alternate register can be
written.)

Figure 3.10 (2 a) Pattern Generation Control Register (PGO1CR)
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7 6 5 4 3 2 i1 i
PGO1CR [bit Symbol | PAT1 ccwi PGIM | PGITE [ PATO CCWO | PGOM | PGOTE
(004EH) [readivrite| R/W : RIW
After reset o i o { o i o f{ o i o i o I o0
PG1write :PG1 PG1 mode :PG1 PGOwrite :PGO PGO mode :PGO
mode iRotaing  i(excitation)itrigger  imode iRotaing  i(excitation):trigger
0: 8bit :Ednrectnon 0 1exmanon§;nnpl:)tl 0 8bit :Edlrectlon 0 1excctatlon:slan|l;le
Function write  :0: Normal : ;r tation able i write  (0: Normal : ;' itati réena
A rotation:, 2®"¥O%y: disable i . rotation:, . exCItation . disable
1: 4bit : e > i1: 4bit H HERD i
write 17 Reverse ! tation |V enable rite 17 Reverse ! itation. enable
rotation§ excita IDI’Ié write H rotation§ excita IOn;
I I I |

PG1triggerinput enable

Trigger input disable to PG1

Trigger input enable to PG1

L— > Set the operation mode of PG1

1 or 2 excition (full step)

1-2 excitation (half step) /PG mode

PG1 (stepping motor control)

Rotai

ng direction control

Normal rotation / PG mode

Reverse rotation

Selecting PG1 write mode

8-bit write

4-bit write /PG mode
(Only shifter alternate register can be
written.)

Figure 3.10 (2 b) Pattern Generation Control Register (PGO1CR)
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7 i 6 i 5 i 4 i 3 i 2 i )
PGOREG [bit Symbol | PGO3 i PGO2 | PGO1 @ PGOO : SAO3 | SA02 | SAO1 | SAQO
(004CH) Read/Write W R/IW
After reset 0 0 0 0 Undefined

Pattern Generation 0 (PGO) output  iShift alternate register 0
latch register iFor the PG mode (4-bit write) register

Function Reading the P6 that is set to the
PG port allows to read-out. :

Prohibit Read

modify write
Figure 3.10 (3) Pattern Generation 0 Register (PGOREG)
7 ¢ 6 i 5 i 4 i 3 2 i1 0
PG1REG |bit Symbol | PG13 : PG12 : PG11 [ PGI0 : SA13 SA12 i SA11 | SA10
(004DH) | geadiwrite w R/W
After reset 0 : 0 0 0 Undefined

Pattern Generation 1(PG1) output  :Shift alternate register 1
latch register {For the PG mode (4-bit write) register

Function Reading the P6 that is set to the
PG port allows to read-out.

Prohibit Read
modify write

Figure 3.10 (4) Pattern Generation 1 Register (PG1REG)
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7 ¢ 6 i 5 i 4 i 3 2 i 1 i o0
T45CR [bit symbol [  ~ ! PGIT | PGOT | DBGEN @ DBA4EN
(003AH) [Read/write| R/W | R/W
After reset 0 0 0 0 0
Fixat"0" ! prap ipGoshift  : Double buffer

trigger itrigger 1 0: Disable
0:8-bit timer :0:8-bittimer | 1: Enable
i trigger i trigger i
 (timer0,1) ; (timer0.) {Double  : Double
A:16-bittimer :1:16bittimer : hyffer of | buffer of
{ tigger tigger I TREG6  : TREG4

I (timer5) . (timerd) : )

\‘—’ Double buffer control

0 | Disable

1 Enable

X Always
read as
Function "o

DB6EN : Double buffer of TREG6
DBA4EN : Double buffer of TREG4

> Selecting PGO shift trigger

0 | 8-bittimertrigger (timer0, 1)

1 16-bit timer trigger (timer 4)

Selecting PG1 shift trigger

0 | 8-bittimertrigger (timer0, 1)

1 16-bit timer trigger (timer 5)

Write “0" to this bit, when this register is modified.

Figure 3.10(5) 16-bit Timer Trigger Control Register (T45CR)

MCU900-116



TOSHIBA TMP96C141

8-Bit timer >
(timer 0, 1) > A >
Select PGO |, port60~63
»_] B 'S —>
16-Bit timer 4 PéOT L
> A [—>
Select PG1 L Port64~67
16-Bit timer 5 B ; >
PGI1T

Figure 3.10 (6) Connection of Timer and Pattern Generator

(1) Pattern Generation Mode

PG functions as a pattern generation according to the setting of PGO1CR <PAT1> /
<PATO0>. In this mode, writing from CPU is executed only on the shifter alternate
register. Writing a new data should be done during the interrupt operation of the timer
for shift trigger and a pattern can be output, synchronous with the timer.

In this mode, set PGO1CR<PGOM>and <PG1M>to 1, and PGO1CR <CCW0> and
<CCW1>to0.

The output of this pattern generator is output to port 6 ; since port and functions can
be switched on a bit basis using port function control register P6FC, any port pin can be
assigned to pattern generator output.

Figure 3.10 (7) shows the block diagram of this mode.

Trigger Signal from Timer n I-I rI I_I
1

/Timer Interrupt Writing data to SA03-00 on
L Timer Interrupt i ] ‘ 1

|
Shift alternate register n-1 \ x n } \ X n+1 ’\ X n+2 ‘vX n+3
output \\ Shifting data from \V &\ \‘\
(SA03-00) SA03-00 to PG03-00
Pattern Generator register X n-1 X n x n+1 x n+2

output
(PG03-00)

Example of pattern generation mode
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N 4
shift alternate register PGO3 II__.]fPGGgS;
— .
< SA
05
1
PGO2
PGO2 D(PGZ)
v T
S
= SA02
e a—
_| Bus2 port
it 1
f =
- PGO1
© PGO1 [ Jeon)
+ |
=}
Tlee— SAO1
BUS1
1
PG00
PG00 [ lipo0)
|
e SAQD
BUSO

Shift due to the shift trigger from timer

Figure 3.10(7) Pattern Generation Mode Block Diagram (PGO)

In this pattern generation mode, only writing the output latch is disabled by
hardware, but other functions do the same operation as 1-2 excitation in stepping motor
control port mode. Accordingly, the data shifted by trigger signal from a timer must be
written before the next trigger signal is output.
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(2) Stepping Motor Control Mode
@  4-phase 1-Step/2-Step Excitation

Figure 3.10 (8) and Figure 3.10 (9) show the output waveforms of 4-phase 1
excitation and 4-phase 2 excitation, respectively when channel 0 (PGO0) is selected.

Trigger signal

. n - n m [ 7
PG00 (760) ba b7 b6 bs b4 I |
b1 (P61) bs b4 b7 [os b5 [
PGO2 (P62) 15—' bs b4 b7 fes ]
PGO3 (P63) b7 b6 b5 b4 b7 M 1
t

Initial value PGOREG « 0100 x x X x

Note : bnindicates the initial value of PGOREG <« b7 b6 b5 b4 X X X X

®  Normal Rotation

Trigger signal

n_.n _n _n _n _mn 7
5600 (760) b4 bS b6 b7 b4 [ 1
PGO1 (P61) é_bs_’bs—hﬂ b4 bs
PGO2 (P62) bﬁ_] b7 b4 b5 o6 |
PGO3 (P63) b7 b4 bs | [

f

Initial value PGOREG « 0100 x x x X

®  Reverse Rotation

010289

Figure 3.10 (8) Output Waveforms of 4-Phase 1-step Excitation
(Normal Rotation and Reverse Rotation)
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Trigger signal

from timer n I'I n
iba b7

PGOO (P60) ,____I b6 Lb5
b5 4

PGOT(PET) & b b7 b6

PGO2(P62) i D6 I bs b4 b7

PGO3 (P63) |57 b6 b5 ba

Initial value PGOREG « 1100 x x X X

Figure 3.10 (9) Output Waveforms of 4-Phase 2-step Excitation (Normal Rotation)

The operation when channel 0 is selected is explained below.
The output latch of PGO (also used as P6) is shifted at the rising edge of the trigger

signal from the timer to be output to the port.

The direction of shift is specified by PGOICR<CCWO0>: Normal rotation
(PG00—»PG01-»PG02—PG03) when <CCWO0> is set to “0”; reverse rotation
(PG00«PG01<PG02«<PG03) when “1”. 4-phase 1-step excitation will be selected when
only one bit is set to “1” during the initialization of PG, while 4-phase 2-step excitation
will be selected when two consecutive bits are set to “1”.

The value in the shift alternate registers are ignored when the 4-phase 1-step/2-step
excitation mode is selected.
Figure 3.10 (10) shows the block diagram.

b7

Shift alternate Register

PGO Output latch

b3

bus

b6

> SA03

PGO3 —>{1PG03 (P63)

b2

b5

> SA02

|
PG02 i——»l:] PG02 (P62)

L

b1

Internal

b4

o]

PGO1 i——»lj PGO1 (P61)

b0

> SA00

L "
PGOO I————»D PG00 (P60)
[

KL isshowing to shift the signal at the
rising edge of trigger signal from
timer.

Figure 3.10 (10) Block Diagram of 4-Phase 1-step Excitation/2-step Excitation
(Normal Rotation)
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@  4-Phase 1-2 step Excitation

Figure 3.10 (11) shows the output waveforms of 4-phase 1-2 step excitation
when channel 0 is selected.

R mane! M il n M n n il
b4 b0 Ib? b3 b6 |b2 b5 b1
PGOO (P60) :

‘bs b1 ba b b7 b3 b |b2
PGO1 (P61) | 6
PGO2(P62) b6 I b2 bS b1 b4 bo b7 b3
PGO3 (P63) | D7 b3 b6 | b2 b5 b1 b4 b0

Initial value PGOREG « 11001000

Note: bndenotes the initial value PGOREG <« b7 b6 b5 b4 b3 b2 bl b0

@®  Normal Rotation

Trigger signal

from timer I'I I'I I-l n |-| I..I n
PGOO (P60) b4 il b5 b2 [ b6 b3 b7 L bo
PGO1 (P61) bs b2 b6 b3 b7 ] bo ba b1
PGO2 (P62) b6 b3 b7 bo b4 b1 bs b2
PGO3 (P63) tﬂ—l bo b4 b1 b5 b2 b6 b3

}

Initial value PGOREG « 10001100

®  Reverse Rotation

Figure 3.10 (11) Output Waveforms of 4-Phase 1-2 step Excitation
(Normal Rotation and Reverse Rotation)
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The initialization for 4-phase 1-2 step excitation is as follows.

By rearranging the initial value “b7 b6 b5 b4 b3 b2 b1 b0” to “b7 b3 b6 b2 b5 bl b4
b0”, the consecutive 3 bits are set to “1” and other bits are set to “0” (positive logic).

For example, if b7, b3, and b6 are set to “1”, the initial value becomes “110010007,
obtaining the output waveforms as shown in Figure 3.10 (11).

To get an output waveform of negative logic, set values 1’s and 0’s of the initial value
should be inverted. For example, to change the output waveform shown in Figure 3.10
(11) into negative logic, change the initial value to “00110111”.

The operation will be explained below for channel 0.

The output latch of PGO (shared by P6) and the shifter alternate register (SA0) for
Pattern Generation are shifted at the rising edge of trigger signal from the timer to be

output to the port. The direction of shift is set by PGOLCR<CCW0>.

Figure 3.10 (12) shows the block diagram.

b u

Internal

Shifter alternate
register
b7

PGO Output

PGO3

S EETH

Ly

b6

L
92 [ sa02
[}

Ly

JL

b5

e ]
!

b4

L
[ oa |
A

L

+— PGO3 (P63)

PG02 '————> PGO2 (P62)
PGO1 ]—————» PGO1(P61)
PG00 > PGOO (P60)

A1 isshowing to shift the signal at the rising

edge of trigger signal from the timer.

Figure 3.10 (12) Block Diagram of 4-Phase 1-2 step Excitation (Normal Rotation)
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Setting example: . To drive channel 0 (PG0) by 4-phase 1-2 step excitation (normal
rotation) when timer 0 is selected, set each register as follows.

TRUN € - X - - - - - 0 Stop timer 0, and clear it to zero.
TMOD «00XX--01 Set 8-bit timer mode and select ¢T1 as the input clock of timer 0.
TFFCR ¢« XXX 01010 Clear TFF1 to zero and enable the inversion trigger by timer 0.
TREGO « * % % % % x % x Set the cycle in timer register.
P6BCR ¢ ----1111 Set P60~P63 bits to the output mode.
P6FC ¢ - ---1111 Set P60~P63 bits to the PG output.
PGOICR ¢ - - - ~-0011 Select PGO 4-phase 1-2 step excitation mode and normal rotation .
PGOREG « 11001000 Set an initial value.
TRUN «1X---- - 1 Start timer 0.

Note: X;don’tcare -;nochange

(3) Trigger Signal From Timer

The trigger signal from the timer which is used by PG is not equal to the trigger
signal of timer flip-flop (TFF1, TFF4, TFF5, and TFF6) and differs as shown in Table
3.10 (1) depending on the operation mode of the timer.

Table 3.10 (1) Select of Trigger Signal

TFF1inversion ‘ PG shift

Selected by TFFCR
bit i d <TFF1IS> when the up-
8-bit timer mode counter value matches

TREGO or TREG1 value.

When the up-counter
value matches with both

16-bit timer mode |TREGO and TREG1 values -
(The value of up-counter
= TREG1*28 + TREGO)
When the up-counter When the up-counter
PPG output mode |value matches with both |value matches TREG1
TREGO and TREG1 value (PPG cycle)

When the up-counter
PWM output mode | value matches TREGO
value and PWMi cycle.

Trigger signal for PG is
not generated.

Note : To shift PG, TFFCR <TFF1IE > must be set to “1” to enable TFF1 inversion.

Channel 1 of PG can be synchronized with the 16-bit timer Timer4/Timer5. In this
case, the PG shift trigger signal from the 16-bit timer is output only when the up-
counter UC4/UC5value matches TREG5/TREGT.
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When using a trigger signal from Timer4, set either TAFFCR<EQ5T4> or T4MOD

<EQ5T5> to “1” and a trigger is generated when the value in UC4 and the value in
TREG5 match. When using a trigger signal from Timer5, set TSFFCR<EQT7T6>to 1.
Generates a trigger when the value in UC5 and the value in TREG7 match.

Application of PG and Timer Output

As explained “Trigger signal from timer”, the timing to shift PG and invert TFF
differs depending on the mode of timer. An application to operate PG while operating an
8-bit timer in PPG mode will be explained below.

To drive a stepping motor, in addition to the value of each phase (PG output),
synchronizing signal is often required at the timing when excitation is changed over. In
this application, port 6 is used as a stepping motor control port to output a synchronizing
signal to the TO1 pin (shared by P71).

|
1
TREG1
101 (P71) [1 [ [ [

TREGO I I

PGOO (P60)

—

PGO1 (P61) I

PGO2 (P62) |
PGO3 (P63) I I

Figure 3.10 (13) Output Waveforms of 4-Phase 1-step Excitation

—

Setting example:

76543210

TRUN ¢« -X----00 Stop timer 0, and clear it to zero. .

TMOD « 10X X XX01 Set timer 0 and timer 1 in PPG output mode and select
$T1as the input clock.

TFFCR € X X X 00 11X Enable TFF1 inversion and set TFF1to “1”.

TREGOD « * * * % % % % % Setthe duty of TO1 to TREGO.

TREGL & * * * o & % % Setthe cycle of TO1 to TREG1.

P7CR € X XXX --1-

PTFC e X X X X - - 1 X } AssignP71asTO1.

P6CR ¢ ----1111 _

PBEC e - - - - 1111 } Assign P60-63 as PGO.

PGOICR ¢« - - --000 1 Set PGO in 4-phase 1-step excitation mode.

PGOREG « * * * % % % % % Setan initial value.

TRUN «1X----11 Start timer 0 and timer 1.

Note: X;don’t care -;no change
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3.11 Serial Channel

TMP96C141 contains 2 serial I/O channels for full duplex asynchronous transmission
(UART) as well as for I/O extension.

The serial channel has the following operation modes.

® /O interface mode ———————— Mode 0: To transmit and receive /O data as

(channel 1 only) well as the synchronizing signal

Note : TMP96C141A / TMP96CO41A / SCLK for extending I/O.
TMP96CM40 / TMP96PM40 with
channel 0 and 1 Mode 1: 7-bit data
® Asynchronous ‘E Mode 2: 8-bit data
transmission (UART) mode Mode 3: 9-bit data
(channel 0 and 1)

In mode 1 and mode 2, a parity bit can be added. Mode 3 has wake-up function for

making the master controller start slave controllers in serial link (multi-controller
system).

Figure 3.11 (1) shows the data format (for one frame) in each mode.

® Mode 0 (/O interface mode)

HEE B0 60O 6

-«— Transfer direction

Mode 1 (7-bit UART mode)

o noan00r
POO0 00000

Mode 2 (8 bl't UART mode)

Mode 3 (9-bit UART mode)

N0 n0 000"
PONO0 000 60nC

When bit8 = 1, address (select code) is denoted.
When bit8 = 0, data is denoted.

Figure 3.11(1) Data Formats
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The serial channel has a buffer register for transmitting and receiving operations, in
order to temporarily store transmitted or received data, so that transmitting and
receiving operations can be done independently (full duplex).

However, in I/O interface mode, SCLK (serial clock) pin is used for both transmission
and receiving, the channel becomes half-duplex.

The receiving data register is of a double buffer structure to prevent the occurrence of
overrun error and provides one frame of margin before CPU reads the received data.
The receiving data register stores the already received data while the buffer register
receives the next frame data.

By using CTS and RTS (there is no RTS pin, so any 1 port must be controlled by
software), it is possible to halt data send until the CPU finishes reading receive data
every time a frame is received. (Handshake function)

In the UART mode, a check function is added not to start the receiving operation by
error start bits due to noise. The channel starts receiving data only when the start bit is
detected to be normal at least twice in three samplings.

When the transmission buffer becomes empty and requests the CPU to send the next
transmission data, or when data is stored in the receiving data register and the CPU is
requested to read the data, INTTX or INTRX interrupt occurs. Besides, if an overrun
error, parity error, or framing error occurs during receiving operation, flag
SCOCR/SC1CR < OERR, PERR, FERR> will be set.

The serial channel 0/1 includes a special baud rate generator, which can set any baud
rate by dividing the frequency of 4 clocks (4T0, ¢T2, ¢T8, and 4T32) from the internal
prescaler (shared by 8-bit/16-bit timer) by the value 2 to 16.

In I/O interface mode, it is possible to input synchronous signals as well as to transmit
or receive data by external clock.

3.11.1 Control Registers

The serial channel is controlled by 3 control registers SCOCR, SCOMOD and BROCR.
Transmitted and received data are stored in register SCOBUF.
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7 i e fos ioa i3 b2 i o1 1o
SCOMOD bitSymbol | TB8 i CTSE | RXE : WU i SM1 : SMO : SC1 | SCO
Read/Write RIW
(0052H) [—=1 ; . : ; : : :
After reset 0 : 0 H 0 : 0 : 0 : 0 H 0 H 0
Transfer :Hand iReceiving §Wake up iserial transmission  Serial transmission
data ishake  iFunction :Function imode iclock (UART)
Bit8 | 0 R,ece'l"e§ 00: VOinterface  00: TOO Trigger
) i disable 10: disable 01: 7-bit UART i01: baud rate
Function : :1: Receive: : . :
10:CTS  © enable i 1: Enable {10: 8-bit UART i generator
i disable! {11: 9-bit UART 10: Internal clock 1
itrers i11: don'tcare
i enable : H :
L 1 _1 1 | ] ]

]

l—* Serial transmission clock (UART)

00 |Timer 0 match detectsignal

11 |don’tcare

L——> Serial transmission mode

00 [I/Ointerface mode

01
10 {UART  8-bitlength
1 i 9-bitlength

Note : I/Ointerface mode can not

be used by the TMP96C141
Wake-up Function

9-bit UART Other mode

0 |Interrupt when
data are received don't care

1 |Interrupt only
when RB8 = 1

Receiving Function

0 |Receive Disable

1 |Receive Enable

Hand shake function (CTS Pin) enable

0 |Disable (always Transferable)

1 {Enable

Transmission data bit 8

Note: Thereis SCIMOD (56H) in Channell
Figure 3.11 (2) Serial Mode Control Register (channel 0, SCOMOD)
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7 6 | 5 i 4 3 2 1 0
SCOCR bitSymbol | RB8 : EVEN : PE OERR PERR FERR SCLKO 10O
(0051H) Read/Write R RIW R( clearecf to Zero wl:-en read) RIW
After reset 0 : 0 : 0 0 : 0 0 : 0
Received éParity %Parity : 0: SCLKO 0
data :0:0dd addition | 1: error i () isaudrate
Bit8 :1:Even Disable:.. : Generator
Function : Enable ! P ) 11:SCLKO 1:SCLKO
: t Qverrun ! Parity raming :
: i (j );Pin input
] | | | | L
I—» Select /0 interface input clock (Note1)
0 [Baud rate generater
1 [SCLKO Pininput
Note1 : for TMP96C141, fix this bit to "0".
Edge selection in SCLK pin input mode (Note1)
Transmits and receives ( _ 4 )
0 data at raise edge of SCLK
Transmits and receives ( ~ y__)
! data at fall edge of SCLK
Note1 : for TMP96C141, fix this bit to “0”.
——>Framing error flag a dto2
. eared to Zero
———>Parity error flag when read.
————>Overrun error flag
Enable parity addition
0 [Prohibition (disable
1 |Permission (enable)
Addition/ check of even parity
0 (Odd parity
1 |Even parity
Receving data bit 8
Note: Serial control register for channel 1 is SC1ICR (55H).

Note: As all error flags are cleared after reading do not test only a single bit with a bit-

testing instruction.

Figure 3.11 (3) Serial Control Register (channel, SCOCR)
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7 L6 i o5 iooa4a o3 io2 i1 i oo
BROCR | bit Symbol — i { BROCK1 ; BROCKO i BROS3 : BROS2 ; BROS1 : BROSO
(0053H) readnwrite RIW
After reset 0 0 0 0o 0 N 0
Fixat"0"
: § 00: ¢4T0 (fe/d) i
) i 01: ¢T2(fc/16) Setting of the Divided frequency
Function : :
1 10: ¢T8 (fc/6d) :
§11: ¢T32 (f256)
| i
Setting of the divided frequency
of baud rate generator
0000 |16 divisions
0001 |Don’tset .
0010 |2to 15divisions
§
111
L— > Selecting the input clock of
baud rate generator
00 |Internal clock ¢TO (fc/4)
11 |Internal clock ¢T32 (f¢/256)
Note: Asall error flags are cleared after reading, do not test only a single bit with a bit-testing
instruction.
Figure 3.11 (4) Serial Channel Control (channel 0, BROCR)
7 6 5 4 3 2 1 0
} TB7 { TB6 ;: TBS | TB4 : TB3 : TB2 ; TB1 ; TBO [(Transmission)
SCOBUF

50H
(50H) 7 6 5 4 3 2 1 0

' RB7 | RB6 | RB5 | RB4 | RB3 { RB2 : RB1 RBOJ (Receiving)

Figure 3.11(5) Serial Transmission / Receiving Buffer Registers (channel 0, SCOBUF)
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7 {6 i s i a4 i o3 i o2 i a1 i o
scIMOoD bitSymbol | TB8 { — | RXE ! WU  SM1 i SMO : SCI i SCO
Read/Write R/W
(0056H) - - - g - g g
After reset 0 H 0 : 0 ; 0 : 0 H 0 : 0 ; 0
Transfered : Fix at “0” iReceiving iWake up Serial Transmission iSerial Transmission
data i iFunction iFunction imode iclock (UART)
Bitg | i0: Receive:0: disable (00: VOinterface i00: TOO Trigger
; i disable i1: enable mode i01: Baud rate
Function i1: Receive; i01: 7-Bit UART i generator
: Enable ! {10: 8-Bit UART i10: Internal clock @1
: i11: 9-Bit UART 11: don’t care
L | L | 1 I ]

]

I——> Serial transmission clock (For UART)

00 [Timer 0 match detect signal

don’tcare

Note: The clock selection for the 1/0 interface
mode is controlled by the serial control
register (SCICR).

— Serial transmission mode

00 | I/O interface mode

UART mode :

11 {9.Bit length

‘————> Wake up Function

9-Bit UART Other mode

0 |Interrupt when
dat. i

d don’t care

1 |Interrupt only
whenRB8 =1

‘> Receiving control

0 [Receive disable

1 |Receive enable

Transmission data bit 8

Figure 3.11(6) Serial Mode Control Register (Channel 1, SCIMOD)
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7 6 i 5 a i o3 § o2 i o1 i o
bitSymbol |  RB8 EVEN : PE OERR PERR FERR : SCLKS : 1OC
(SS;EE) Read/Write R : R/W R (clear:to Zero when: read) R/W
After reset : 0 : 0 0 : 0 : 0 0 : 0
Received iParity  :Parity :SCLK1 (0
data :0:0dd addition ! J—>§Baudrate
Bit8 1 Even :0: Disable: i generator
Function : l Enable Overrun : Parity  Framing :SCLK1 1 S(FLK1
: : : : iPin input
: )
L | | | I I | 1 ]

Select I/O interface input dock

0 |Baud rate generate

1 [SCLK1 Pininput

Edge selection in SCLK pininput mode

Transmits and receives ( J_ )
data at raise edge of SCLK

Transmits and receives ( { )
data at fall edge of SCLK

Framing error flag
Parity error flag
Overrun error flag

Cleared to Zero
when read

Enable parity addition
0 |Disable

1 |Enable

Addition/ check of even parity

0 |0Odd Parity

1 |EvenParity

Receiving data bit 8

Note: As all error flags are cleared after reading, do not test only a single bit with a bit-

testing instruction.

Figure 3.11(7) Serial Control Register (Channel 1, SC1CR)
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7 6 | s 1 4 1 3 2 1 1 1 o

BR1CR |_bitSymbol — { BRICK1 | BRICKO i BR1S3 | BR1S2 i BRIST i BR1SO
(0057H)| readwrite RW

After reset 0 0 0 0 0 0 0

Fixat 0"}
00: ¢TO (fc/4)

01: 72 (fc/16)
10: ¢ T8 (fc/64)
11: ¢T32 (f/256)

Setting of the Divided frequency

I Setting of the divided frequency of baud rate
generator

16 divided

Function

§ 2 to 5 divisions

L Selecting the input clock of baud rate generator

00 {Internal clock ¢T0 (fc/4)

1 Internal clock ¢T32 (fc/256)

Note: To gse baud rate generator, set TRUN <PRRUN >to “1”, putting the prescaler in RUN
mode.

Figure 3.11(8) Baud Rate Generator Control Register (channel 0, BROCR)

7 6 5 4 3 2 1 0
| TB7 | TB6 | TB5  TB4 { TB3 | TB2 | TB1 | TBO l(Transmission)

SC1BUF

0054H
( ) 6 5 4 3 2 1 0

| RB7 : RB6 ; RBS i RB4 [ RB3 | RB2 : RB1 : RBO |(Receiving)

Figure 3.11(9) Serial Transmission / Receiving Buffer Registers (channel 1, SC1BUF)
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7 ¢ 6 o5 io4 i3 i 2 0 1 i o0

PoFC | bitSymbol : i P9SF i i P93F i P92F { P9OF
(001DH)| Readnrite Pw Ewoiow L w
: P0G o i o i 0

{ 0:PORT : i 0:PORT i 0:PORT : ; 0: PORT

1:SCLKY £ 1:TxD1 { 1:SCLKO i 1: TxDO

Prohibit Read
modify write
Setting P90 as TxDO output
Note: The TMP96CM40 and TMP96PM40 0 |Port output
have register PO2F, The TMPOSCI41 | | [
does not. (In other wordes, SCLK 0
cannot be specified.)

1 {TxDO {(channel 0} output

—> Setting P93 as TxD1 output

0 {Port output

1 {TxD1 (channel 1) output

Setting P95 as SCLK output

0 [Port output

1 [SCLK1 {channel 1) output

Figure 3.11(10) Port 9 Function Register (P9FC)

7 i 6 i s i o4 i 3 i 2 i 1 i o
ODE | bitsymbol |~ ¢ P~ ! ODET | ODEO
(0058H)| Read/write RIW

. H H H 0 : 0
i P93 i P90
0: CMOS  0: CMOS
1: OPEN i1: OPEN
: Drain Drain

Setting P90 as Open-drain output
0 |CMOS output

1 [Open-drain output

—> Setting P93 as Open-drain

0 |CMOS output

1 | Open-drain output

Figure 3.11(11) Port 9 Open Drain Enable Register (ODE)
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3.11.2 Configuration

Figure 3.11 (12) shows the block diagram of the serial channel 0.

---------- Serial clock generation circuit

BROCR<BROCK1, 0>

TOOTRG (Timer 0 comparator output)

1
1
1
1
[ Binin S fetedadatedadated - :
| L =
1 . o '
1870 (fc/d) 4> 5 o ! “ ! SIOCLK
9T2(f/16) = T ° ' v !
1$T8 (fc/6d) > = o i > !
19732 (fc/256) > | [ & | < |
) 1 ]
: L o | K i
: +- Bau 'i‘e === | scomop !
141 (fc/2) generator <SC1,0> !
H )
1 ]
1 ]
1 ]
e 2
INTRXO INTTXO
Receive SCOMOD Serial channel Transmission
counter <WU> —»interrupt counter
(+16) control (+16)
RXDCLK ¥ A TXDCLK | f
SCOMOD . e
<RXE>-—>» Receive Transmission
control > control
SCOCR
<PE> <EVEN>

Parity control

RxDO D————>] Receive bufferi(Shift register)

(Shared by P91)

iyt

Thereisn'tin
channel 1

| RB8 IReceive butfer2 (SCOBUF) H Error flag ] | TB8 |Transmission buffer (SCOBUF) |—>D TxDO
LNRLIL (Shared by P90)
SCOCR
<OERR><PERR><FERR>
S Internal bus

Figure 3.11(12) Block Diagram of the Serial Channel 0
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Figure 3.11 (13) shows the block diagram of the serial channel 1.

romeooee- Serial clock generation circuit —-=====---------momnoo- 1
' . 1
E BR1CR<BR1CK1,0>  TOOTRG (Timer 0 comparator output) |
re=q-frmmm—————— ) . H
' ! W VL i
H i - 1 ° UART ; !

910 (fd)  ~bt b ] - - | SIOCLK
1$T2(f/16) == C|_| = : b bt ;
1478 (f/64)  —»] = “ i o ° !
1 ! V - ! w w '
14732 (fc/256) > N ‘ i
! i i 1 1 :
i I __Baudrate H 1
i " generator SCIMOD SCIMOD |
141 (fc2) <sC1,0> <SM1,0> |
i < i
] [} 1
] - 1
i o | VO interface mode |
5 |
v ]
'
1}
1
4

SC1MOD
<loCc>
E ’
INTRX1 INTTX1
Receive SC1MOD| Serial channel Transmission
counter WU >—> interrupt counter
(UART only +16) control (UART only +16)
RXDCLK ¥ 1 TXDCLK 1
SCIMOD Receive Transmission
<RXE>~ control > control
SCICR
<PE> <EVEN>
Parity control
RxDO D———w—ll Receive buffer1(Shift register)

(Shared by P94)

JL

RB8 | Receive buffer2 (SC1BUF) 1

| 188

Transmission buffer (SC1BUF)

TxDO

FErrorﬂag J
T T 1

SCI1CR
<OERR><PERR><FERR>

Y ¥y

(Shared by P93)

Internal  bus

Figure 3.11 (13) Block Diagram of the Serial Channel 1

MCU900-135




TOSHIBA ‘ TMP96C141

@® Baud Rate Generator

Baud rate generator comprises a circuit that generates transmission and
receiving clocks to determine the transfer rate of the serial channel.

The input clock to the baud rate generator, ¢T0 (fc/4), ¢ T2 (fc/16), ¢T8 (fc/64),
or ¢ T32 (fc/256) is generated by the 9-bit prescaler which is shared by the timers.
One of these input clocks is selected by the baud rate generator control register
BROCR/BR1CR<BROCK1, 0/BR1CK1, 0>.

The baud rate generator includes a 4-bit frequency divider, which divides
frequency by 2 to 16 values to determine the transfer rate.

How to calculate a transfer rate when the baud rate generator is used is
explained below.

® UART mode

Input clock of baud rate generator =16

Transfer rate=
Frequency divisor of baud rate generator

® I/O interface mode

Input clock of baud rate generator

Transfer rate=
Frequency divisor of baud rate generator

The relation between the input clock and the source clock (fc) is as follows.

¢ T0="fc/4
$T2="fc/16
$T8="fc/64

¢ T32="1c/256
Accordingly, when source clock fc is 12.288 MHz, input clock is ¢ T2 (fc/16), and

frequency divisor is 5, the transfer rate in UART mode becomes as follows:

Transfer rate= ———fﬂs-lﬁ— +16

=12.288x105/16/5/16 =9600 (bps)

Table 3.11 (1) shows an example of the transfer rate in UART mode.

Also with 8-bit timer 0, the serial channel can get a transfer rate. Table 3.9 (2)
shows an example of baud rate using timer 0.
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Table 3.11 (1) Selection of Transfer Rate (1) (When Baud Rate Generator Is Used)

Unit (kbps)
fc [MHz) Frequemydmsﬁpm clock (o) (f&ris) (feioa) (4256)
9.830400 2 76.800 19.200 4.800 1.200
T 4 38.400 9.600 2.400 0.600
T 8 19.200 4.800 1.200 0.300
T 0 9.600 2.400 0.600 0.150
12.288000 5 38.400 9.600 2.400 0.600
T A 19.200 4.800 1.200 0.300
14.745600 3 76.800 19.200 4.800 1.200
T 6 38.400 9.600 2.400 0.600
T C 19.200 4.800 1.200 0.300

Transfer rate in I/O interface mode is 8 times as fast as the values
given in the above table.

Note:

Table 3.11 (2)Selection of Transfer Rate (1) (When timer 0 (input Clock ¢T1) is used

Unit (kbps)
fc 12.288 12 9.8304 8 6.144
TREGO MHz MHz MHz MHz MHz
H 96 76.8 62.5 48
2H 48 38.4 31.25 24
3H 32 31.25 16
4H 24 19.2 12
5H 19.2 9.6
8H 12 9.6 6
AH 9.6 4.8
10H 6 4.8 3
14H 4.8 2.4

How to calculate the transfer rate (when timer 0 is used):

Transfer rate =

fc

Input clock of timer 0

TREGOx8x 16

(When Timer 0 (input clock ¢T1) is used)

$T1 = fe/g
¢T4 = fuz;
#TI6 = fc/128

Note: Timer 0 match detect signal cannot be used as the transfer clock in /O

interface mode.
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@  Serial Clock Generation Circuit

@

®

This circuit generates the basic clock for transmitting and receiving data.

1) I/O interface mode (channel 1 only)

When in SCLK output mode with the setting of SCICR<IOC > =%0", the basic
clock will be generated by dividing by 2 the output of the baud rate generator
described before. When in SCLK input mode with the setting of SCICR<IOC> =
“1”, the rising edge or falling edge will be detected according to the setting of
SC1CR<SCLKC > register to generate the basic clock.

2) Asynchronous Communication (UART) mode

According to the setting of SCOCR and SC1CR <S8C1, 0>, the above baud rate
generator clock, internal clock ¢1 (500kbps @ fc=16MHz), or the match detect
signal from timer 0 will be selected to generate the basic clock SIOCLK.

Receiving Counter

The receiving counter is a 4-bit binary counter used in asynchronous
communication (UART) mode and counts up by SIOCLK clock. 16 pulses of
SIOCLK are used for receiving 1 bit of data, and the data bit is sampled three
times at 7th, 8th and 9th clock.

With the three samples, the received data is evaluated by the rule of majority.

For example, if the sampled data bit is “1”, “0” and “1” at 7th, 8th and 9th clock
respectively, the received data is evaluated as “1”. The sampled data “0”, “0” and
“1” is evaluated that the received data is “0”.

Receiving Control

1) I/O interface mode (channel 1 only)

When in SCLK1 output mode with the setting of SCICR<IOC>=%0", RxD1
signal will be sampled at the rising edge of shift clock which is output to SCLK pin.

When in SCLK input mode with the setting SCICR<IOC> =“1” RxD1 signal
will be sampled at the rising edge or falling edge of SCLK input according to the
setting of SCICR<SCLKS> register.

2) Asynchronous communication (UART) mode

The receiving control has a circuit for detecting the start bit by the rule of
majority. When two or more “0” are detected during 3 samples, it is recognized as
start bit and the receiving operation is started.

Data being received are also evaluated by the rule of majority.

Receiving Buffer

To prevent overrun error, the receiving buffer has a double buffer structure.
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Received data are stored one bit by one bit in the receiving buffer 1 (shift
register type). When 7 bits or 8 bits of data is stored in the receiving buffer 1, the
stored data are transferred to another receiving buffer 2 (SCOBUF/SC1BUF),
generating an interrupt INTRX0/INTRX1. The CPU reads only receiving buffer 2
(SCOBUF/SC1BUF). Even before the CPU reads the receiving buffer 2
(SCOBUF/SC1BUF), the received data can be stored in the receiving buffer 1.
However, unless the receiving buffer 2 (SCOBUF/SC1BUF) is read before all bits of
the next data are received by the receiving buffer 1, an overrun error occurs. If an
overrun error occurs, the contents of the receiving buffer 1 will be lost, although
the contents of the receiving buffer 2 and SCOCR<RB8> SC1CR<RB8>is still
preserved.

The parity bit added in 8-bit UART mode and the most significant bit (MSB) in
9-bit UART mode are stored in SCOCR<RB8>/SC1CR<RB8>.

When in 9-bit UART mode, the wake-up function of the slave controllers is
enabled by setting SCOMOD<WU>/SCIMOD<WU> to “1”, and interrupt
INTRXO0/INTRX1 occurs only when SCOCR<RB8> /SC1CR<RB8>is set to “1”.

®  Transmission Counter

Transmission counter is a 4-bit binary counter which is used in asynchronous
communication (UART) mode and, like a receiving counter, counts by SIOCLK
clock, generating TxDCLK every 16 clock pulses.

soce LD I LA AR AANRAAR]N

15 16 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 it 2
]

TXDCLK I-:-i ’ h‘

Figure 3.11 (14) Generation of Transmission Clock

@  Transmission Controller
1) I/O interface mode (TMP96C141 is only channel 1)

In SCLK output mode with the setting of SCICR<IOC> =“0”, the data in the
transmission buffer are output bit by bit to TxD1 pin at the rising edge of shift
clock which is output from SCLK1 pin.

In SCLK input mode with the setting of SCICR<IOC> =*1”, the data in the
transmission buffer are output bit by bit to TxD1 pin at the rising edge or falling
edge of SCLK input according to the setting of SCICR <SCLKC > register.

2) Asynchronous communication (UART) mode

When transmission data are written in the transmission buffer sent from the
CPU, transmission starts at the rising edge of the next TxDCLK, generating a
transmission shift clock TxDSFT.
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Handshake function

Serial channel 0 has a CTSO0 pin. Using this pin, data can be sent in units of
one frame ; thus, overrun errors can be avoided. The handshake function is
enabled/ disabled by SCOMOD < CTSE >.

When the CTSO0 pin goes high, after completion of the current data send, data
send is halted until the CTSO pin goes low again. The INTTXO0 Interrupts are
generated, requests the next send data to the CPU.

Though there is no RTS pin, a handshake function can be easily configured
by setting any port assigned to the RTS function. The RTS should be output
“High” to request data send halt after data receive is completed by a software in
the RXD interrupt routine.

TMP96C141 TMP96C141
TxD RxD
cTs RTS (any port)
Sender Receiver

Figure 3.11 (15) Handshake Function

I I & £

Timing to write o 1

transmission buffer
Send is suspended 5
CTS [ from (1) to (2).

13 14 15 16 1 2 3 4 15 16 1 2 3
SIOCLK —
TxDCLK —f ﬂ £ [
_

TxD 7 \ startbit ,< bit 0

010289

Note 1: Ifthe CTS signal falls during transmission, the next data is not sent after the

completion of the current transmission.

Note2: Transmission starts at the first T*DCLK clock fall after the CTS signal falls.

Figure 3.11 (16) Timing of CTS (Clear to send)
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Transmission Buffer

Transmission buffer (SCOBUF/SC1BUTF) shifts out and sends the transmission
data written from the CPU from the least significant bit (LSB) in order, using
transmission shift clock TxDSFT which is generated by the transmission control.
When all bits are shifted out, the transmission buffer becomes empty and
generates INTTX0/INTTX1 interrupt.

®  Parity Control Circuit

When serial channel control register SCOCR <PE>/SC1CR<PE >is set to “17,
it is possible to transmit and receive data with parity. However, parity can be
added only in 7-bit UART or 8-bit UART mode. With SCOCR <EVEN> /SC1CR
<EVEN?> register, even (odd) parity can be selected.

For transmission, parity is automatically generated according to the data
written in the transmission buffer SCBUF, and data are transmitted after being
stored in SCOBUF<TB7>/SC1BUF<TB7> when in 7-bit UART mode while in
SCMOD <TB8> / SCMOD <TB8> when in 8-bit UART mode. <PE> and
<EVEN?> must be set before transmission data are written in the transmission
buffer. A

For receiving, data are shifted in the receiving buffer 1, and parity is added
after the data are transferred in the receiving buffer 2 (SCOBUF/SC1BUF), and
then compared with SCOBUF <RB7>/SC1BUF<RB7> when in 7-bit UART
mode and with SCOMOD <RB8>/SC1MOD <RB8> when in 8-bit UART mode. If
they are not equal, a parity error occurs, and SCOCR<PERR>/SC1CR<PERR>
flag is set.

@® ErrorFlag

Three error flags are provided to increase the reliability of receiving data.
1. Overrun error <OERR>

If all bits of the next data are received in receiving buffer 1 while valid data are
stored in receiving buffer 2 (SCBUF), an overrun error will occur.

2. Parity error <PERR>

The parity generated for the data shifted in receiving buffer 2 (SCBUF) is
compared with the parity bit received from RxD pin. If they are not equal, a parity
erTor 0CCurs.

3. Framing error <FERR>

The stop bit of received data is sampled three times around the center. If the
majority is “0”, a framing error occurs.
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@ Generating Timing
1) UART mode

Receiving

Mode

9 Bit

8 Bit + parity

8 Bit, 7 Bit + parity, 7 Bit

Interrupt timing

Center of last bit
(Bit 8)

Center of last bit
(parity bit) ’

Center of stop bit

Framing error
timing

Center of stop bit

Parity error timing

Center of last bit

Center of stop bit

(parity bit)
Overrun error Center of last bit Center of last bit .
timing (Bit 8) (parity bit) Center of stop bit

Note: Framing error occurs after an interrupt has occurred. Therefore, to check for
framing error during interrupt operation, it is necessary to wait for 1 bit period of
transfer rate.

Transmitting

Mode

9 Bit

8 Bit + parity

8 Bit, 7 Bit + parity, 7 Bit

Interrupt timing

Just before last bit is
transmitted.

2) I/O interface mode

L. Immediately after rise of last SCLK signal.
Transmission SCLK output mode (See figure ;.11 (19).) ¢
Interrupt - - - —
timin SCLK input mode Immediately after rise of last SCLK signal (rising mode), or
iming P immediately after fall in falling mode. (See figure 3.11 (20).)

.. Timing used to transfer received data to data receive buffer 2
Receiving SCLK output mode | cc1a(F) (that is, immediately after last SCLK). (See figure 3.11 (21).)
Interrupt
timi P SCLK i t mod Timing used to transfer received data to data receive buffer 2

iming INPULMOGE | (gc1BUF) (that is, immediately after last SCLK). (See figure 3.11 (22).)
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3.11.3 Operational Description
(1)  Mode 0 (I/O interface mode) (TMP96C141 is only channel 1.)

This mode is used to increase the number of I/O pins of for transmitting or receiving
data to or from the external shifter register.

This mode includes SCLK output mode to output synchronous clock SCLK and SCLK
input mode to input external synchronous clock SCLK.

Output Input
extension extension
TMP96C141 Shiftregister Ao | —» TMP96C141 Shift register A | -
B|— B| -
TxD Sl C|— RxD QH C| =
D| — D| =
SCLK SCK E| — SCLK CLOCK E| =
Fl— F| =
Port RCK G| — Port S/L G| =
H{ — H| <=
TC74HC595 or TC74HC165 or
the like the like

Figure 3.11(17) Example of SCLK Output Mode Connection

Output port Input port
extension extension

TMP96C141 Shiftregister A | — TMP96C141 Shiftregister A | «—

B| — B| =

TxD Sl C| — RxD QH C| =

D|— D| =—

SCLK SCK E| — SCLK CLOCK E| «—

F| — F| =

Port RCK G| — Port S/T G| -

H{ — H| =

TC74HC595 or TC74HC165 or
External clock—! the like External clock — the like

Figure 3.11(18) Example of SCLK Input Mode Connection

MCuU900-143



TOSHIBA TMP96C141

@ Transmission

In SCLK output mode, 8-bit data and synchronous clock are output from TxD
pin and SCLK pin, respectively, each time the CPU writes data in the
transmission buffer. When all data is output, INTES1<ITX1C> will be set to
generate INTTX1 interrupt.

Timing to write H\

transmission {5

data )
SCLK output ~t A LA LA L AL 4
TxD X_bito X bit1 X 3 X bite X bit7 X
TXDSFT [ 1 i I I [
ITX1C (INTTX1 « [
interrupt request) )

Figure 3.11(19) Transmitting Operation in I/O Interface Mode (SCLK Output Mode)

In SCLK output mode, 8-bit data are output from TxD1 pin when SCLK input
becomes active while data are written in the transmission buffer by CPU.
When all data are output, INTES1 <ITXIC> will be set to generate INTTX1

interrupt.

S((S:éflér(]:p:ué Rising edge mode) I_A L_A L‘)S—A l'—'A I_A
2 e 2 i 2 e A

SCLK input

(SCLKC = 1: Falling edge mode)

TxD X bito X bit1 XY bits X bite X bit7 X

TxDSFT N ﬂ_()(’ n M

ITX1C (INTTX1 4 |

interrupt request)

Figure 3.11(20) Transmitting Operation in /0 Interface Mode (SCLK Input Mode)
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@  Receiving

In SCLK output mode, synchronous clock is outputted from SCLK pin and the
data are shifted in the receiving buffer 1 whenever the receive interrupt flag
INTES1<IRX1C> is cleared by reading the received data. When 8-bit data are
received, the data will be transferred in the receiving buffer 2 (SC1BUF) at the
timing shown below, and INTES1 <IRX1C > will be set again to generate INTRX1
interrupt.

IRX1C }\\ - {\
SCLK Co—t A LA LA LA LK

RxD bit 0 Y bit1 D( bite X bit7 Y
i f ; Generate
Timing to shiftdatain
the re%eiving buffer 2 INTRX1 \rl

Figure 3.11 (21) Receiving Operation in /O Interface Mode (SCLK Output Mode)

In SCLK input mode, the data is shifted in the receiving buffer 1 when SCLK
input becomes active while the receive interrupt flag INTES1 <IRX1C> is
cleared by reading the received data. When 8-bit data is received, the data will be
shifted in the receiving buffer 2 (SC1BUF) at the timing shown below, and INTES1
<IRX1C> will be set again to generate INTRX interrupt.

?SCCLLKKISZ%t Rising edge mode) l__+ I_.A l_iﬁ_A I_J L_A
2 0 i 0 2

SCLK input
(SCLKC = 1: Falling edge mode) «
RxD bito X bit1 Hpit2 = X bite X bit7 Y
1
Timing to shift data Generate
in the receivin INTRX1
buffer 2 o J

Figure 3.11(22) Receiving Operation in I/O Interface Mode (SCLK Input Mode)

Note : For data receiving, the system must be placed in the receive enable state
(SCMOD <RXE>=“1")
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(2) Mode 1 (7-bit UART Mode)

7-bit mode can be set by setting serial channel mode register SCOMOD <SM1,0> /
SCIMOD<SM1, 0> to “01”.

In this mode, a parity bit can be added, and the addition of a parity bit can be enabled
or disabled by serial channel control register SCOCR<PE>/SC1CR<PE>, and even
parity or odd parity is selected by SCOCR <EVEN>/SC1CR<EVEN> when <PE> is
set to “1” (enable).

Setting example: When transmitting data with the following format, the control
registers should be set as described below. Channel 0 is explained
here.

D €0 6 6.0 D OO 5

<—— Direction of transmission (transmission rate: 2400 bps @ fc = 12.288 MHz)

76543210
POCR e XX - mm = - ! } Select P90 as the TxD pin.
POFC ¢« XX -X-XX1
SCOMOD « X 0 - X 0101 Set 7-bit UART mode.
SCOCR « X1 1XXX00 Add an even parity.
BROCR « 0 X 100101 Set transfer rate at 2400 bps.
TRUN «1X------ Start the prescaler for the baud rate generator.
INTESO « 1100 - - - - Enable INTTXO0 interrupt and setinterrupt level 4.
SCOBUF « * * * & x x % x Set data for transmission.
Note: X; don’t care -; no change

(3) Mode 2 (8-bit UART Mode)

8-bit UART mode can be specified by setting SCOMOD <SM1,0>/SC1IMOD <SM1,
0> to “10”. In this mode, parity bit can be added, the addition of a parity bit is enabled
or disabled by SCOCR <PE >/SC1CR<PE >, and even parity or odd parity is selected by
SCOCR<EVEN>/SCICR<EVEN> when <PE> is set to “1” (enable).

Setting example: When receiving data with the following format, the control
register should be set as described below.

FOO000000E

-<—— Direction of transmission (transmission rate: 9600 bps @ fc = 12.288 MHz)
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TOSHIBA
Main setting
76543210

POICR € XX ----0 - Select P91 (RxD) as the input pin.
SCOMOD « - 01X 1001 Enable receiving in 8-bit UART mode.
SCOCR « X0 1XXXD00 Add an odd parity.
BROCR « 0 X 010101 Set transfer rate at 9600 bps.
TRUN «1X - -~ - - - Start the prescaler for the baud rate generator.
INTESO ¢ - - - -1100 Enable INTTXO0 interrupt and set interrupt level 4.

Interrupt processing

(4

Acc « SCOCR AND 00011100 } Check forerror.
if Acc # 0 then ERROR
Acc « SCOBUF Read the received data.

Note: X;don’t care -;no change

Mode 3 (3-bit UART Mode)

9-bit UART mode can be specified by setting SCOMOD <SM1,0>/SC1IMOD<SM 1,

0> to “11”. In this mode, parity bit cannot be added.

For transmission, the MSB (9th bit) is written in SCMOD <TB8>, while in receiving
it is stored in SCCR<RB8>. For writing and reading the buffer, the MSB is read or

written first then SCOBUF/SC1BUF.

Wake-up function

In 9-bit UART mode, the wake-up function of slave controllers is enabled by setting
SCOMOD<WU>/SC1IMOD <WU> to “1”. The interrupt INTRX1/INTRXO occurs only

when<RB8> = 1.

H

TxD RxD TxD RxD TxD RxD TxD

Master Slave 1 Slave 2
TMP96C141 TMP96C141

RxD

Slave 3

Note: TxD pin of the slave controllers must be in open drain output mode.

Figure 3.11(23) Serial Link Using Wake-Up Function
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[rrotoco

@
@

Select the 9-bit UART mode for the master and slave controllers.

Set SCOMOD<WU >/SCIMOD <WU> bit of each slave controller to “1” to
enable data receiving.

The master controller transmits one-frame data including the 8-bit select code
for the slave controllers. The MSB (bit 8) <TB8> is set to “1”.

OO0 00000
N/

Select code of slave controller 1"

Each slave controller receives the above frame, and clears WU bit to “0” if the
above select code matches its own select code.

The master controller transmits data to the specified slave controller whose
SCOMOD <WU >/SC1IMOD <WU > bit is cleared to “0”. The MSB (bit 8) <TB8>
is cleared to “0”.

D00 0000 o
N/

Data 0

The other slave controllers (with the <WU> bit remaining at “1” ) ignore the
receiving data because their MSBs (bit 8 or <RB8>) are set to “0” to disable the
interrupt INTRX0/INTRX1.

The slave controllers (WU =0) can transmit data to the master controller, and it
is possible to indicate the end of data receiving to the master controller by this
transmission.

MCU900-148



TOSHIBA

TMP96C141

Setting example: To link two slave controllers serially with the master controller, and
use the internal clock ¢1 (fc/2) as the transfer clock.

il

TxD RxD

Master
TMP96C141

TxD RxD TxD RxD
Slave 1 Slave 2
TMP96C141
Select code Select code
00000001 00001010

Since serial channels 0 and 1 operate in exactly the same way, channel 0 is used for

the purposes of explanation.

® Setting the master controller

Main

POCR ¢ X X - - - -
POFC e« X X - X -
INTESO « 1 1 00 1 1
SCOMOD « 1 0 1 0 1
SCOBUF « 0 0 0000

INTTXO interrupt

SCOMOD « 0 - - - - - -

SCOBUF « * * # % & &

} Select P90 as TxD pin and P91 as RxD pin.

1 Enable INTTX0 and set the interrupt level 4.

Enable INTTXO0 and set the interrupt level 5.

Set ¢1 (fc/2) as the transmission clock in 9-bit UART mode.
1 Set the select code for slave controller 1.

- Sets TB8 to"0".
* Set data for transmission.

® Setting the slave controller 2

Main

POCR ¢ X X - - -~
P9FC «XX-X-X
ODE XX XXXX
INTESO « 110111
SCOMOD « 0 01111

INTRXO0 interrupt

Acc « SCOBUF
if Acc = Select code
Then SCOMOD4 ¢ - - -

Select P91 as RxD pin and P90 as TxD pin (open drain
output).

Enable INTRX0 and INTTXO.
Set <WU> to “1” in the 9-bit UART transmission mode
with transfer clock ¢1 (fc/2).

© O Rk B .

- - - - Clear<WU>to "“0".
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3.12 Analog/Digital Converter

TMP96C141 has a high-speed analog / digital converter (A/D converter) with 4-
channel analog input that features 10-bit successive approximation.

Figure 3.12 (1) shows the block diagram of the A/D converter. 4-channel analog input
pins (AN3 to ANO) are shared by input-only port P5 and so can be used as input port.

Internal bus

@_———_—_A

A/D converter mode register (ADMOD)

ADCH | o EOCF ADBF RE'PET SCAN ADCS ADS

repeat yscan yspeed ystart
end |busy

AJD converter |, INTAD
control circuit interrupt

Channel select
Analog input
AN3(P53) [ Multiplexer [ ™1 A/D conversion result register
AN2 (P52) [ P
(ADREGO to ADREG3)
AN1(P51) [}
ANO (P50) [

Veer [ |
D/A converter
Acno [

Figure 3.12 (1) Block Diagram of A/D Converter

Note 1:This A/D converter does not have a built-in sample and hold circuit.
Therefore, when A/D converting high-frequency signals, connect a sample and hold

circuit externally.
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7 i 6 5 ¢ 4 % 3 i 2 i1 i
bitSymbol | EOCF | ADBF : REPET i SCAN : ADCS i ADS i ADCH1 : ADCHO
ADMOD e = write R RIW
(005EH) : T H H H H
After reset 0 H 0 0 ; 0 0 : 0 0 0
AID A iRepeat  igcan 7 iaD i Analog Input
conversion éconversion fmode ;mode %conversion iconversion Channel Select
EndFlag  iBUSYFlag ! ispeed istart :
. 1: END 1:BUSY 0 Fixed  :0: High Econversion
Function : channel : speed gStal’t i
mode i mode
i 1: Channel :1: Low {Always
i Saan i speed :readas
mode i mode :"0"
t 1 t

5 Analog input channel select

Normal Scan mode

1 | Start A/D conversion.

Note) Always “0” when data is read.

L~ A/D conversion speed selection
0 | A/D High speed conversion mode: 160 states = 205 (@16MHz)

1 {A/D Low speed conversion mode : 320 states = 405 (@16MHz)

L » Specification of A/D scan mode

0 | Fixed A/D conversion channel mode

1 | A/D conversion channel scan mode

————> Selecting A/D repeat mode

0 | A/D conversion single mode

1 | A/D conversion repeat mode

L - A/Dconversion busy flag

0 | A/D conversion not busy

1 { A/D conversion busy

A/D conversion end flag

0 | A/D conversion not ended nor started

1 ND conversion ended

Figure 3.12 (2) A/D Control Register
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0060H) bit Symbol

Read/Write

Afterreset

Lower 2 bits of A/D result for ANO are stored.

i ADRO02

(0061H) bit Symbol
Read/Write

After reset

Upper 8 bits of A/D result for ANO are stored.

OOBZH) bit Symbol
Read/Write

After reset

Lower 2 bits of A/D result for AN1 are stored.

bit Symbol i ADRI2

Read/Write

After reset

Upper 8 bits of A/D result for AN1 are stored.

Figure 3.12 (3-1) A/D Conversion Result Register (ADREGO, 1)
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7 1 6 i s s i 03 2 1 0
A(&)Részz)L bit Symbol | ADR21 i ADR20 i :
Read/Write R
After reset Undefined 1 1 1 1 1 1
Function Lower 2 bits of A/D result for AN2 are stored.
7 {6 ios o4 i3 b2 b1 10
ABBE513! [(oitsymbol | ADR29 | ADR28 | ADR27 | ADR26 | ADR25 ; ADR24 | ADR23 : ADR22
Read/Write R
After reset Undefined
Function Upper 8 bits of A/D result for AN2 are stored.
7 L6 i s i 4 i 3 2 1 0
AGEei"- [ bitsymbol | ADR31 | AOR30 ' :
Read/Write R
After reset Undefined 1 1 1 1 1 1
Function Lower 2 bits of A/D result for AN3 are stored.
7 i 6 § s i o4 i3 i 2 i 1 i 0
A(%SGE%?)H bit Symbol | ADR39 ;| ADR38 : ADR37 | ADR36 | ADR35 : ADR34 : ADR33 : ADR32
Read/Write R
After reset Undefined
Function Upper 8 bits of A/D result for AN3 are stored.

Figure 3.12 (3-2) A/D Conversion Result Register (ADREGZ2, 3)
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3.12.1 Operation

(M

)

3

(4)

(5

(6)

Analog Reference Voltage

High analog reference voltage is applied to the VREF pin, and the low analog
reference voltage is applied to AGND pin.

The reference voltage between VREF and AGND is divided by 1024 using ladder
resistance, and compared with the analog input voltage for A/D conversion.

Analog Input Channels

Analog input channel to select depends on the operation mode of the A/D converter.

In fixed analog input mode, one channel is selected by ADMOD <ADCH1,0> among
four pins: ANO to AN3.

In analog input channel scan mode, the number of channels to be scanned from ANO
is specified by ADMOD<ADCH1,0>, such as AN0O—»>AN1, AN0—»AN1—AN2, and
ANO—->AN1—->AN2—->AN3.

When reset, A/D conversion channel register will be initialized to
ADMOD<ADCH1,0> =00, so that ANO pin will be selected.

The pins which are not used as analog input channel can be used as ordinary input
port P5.

Starting A/D Conversion

A/D conversion starts when A/D conversion register ADMOD <ADS> is written “1”.
When A/D conversion starts, A/D conversion busy flag ADMOD<ADBF> which
indicates “A/D conversion is in progress” will be set to “1”.

A/D Conversion Mode

Both fixed A/D conversion channel mode and A/D conversion channel scan mode have
two conversion modes, i.e., single and repeat conversion modes.

In fixed channel repeat mode, conversion of specified one channel is executed
repeatedly.

In scan repeat mode, scanning from ANO, --- —AN3 is executed repeatedly.

A/D conversion mode is selected by ADMOD <REPET, SCAN >.

A/D Conversion Speed Selection

There are two A/D conversion speed modes: high speed mode and low speed mode.
The selection is executed by ADMOD < ADCS> register.

When reset, ADMOD<ADCS> will be initialized to “0”, so that high speed
conversion mode will be selected.

A/D Conversion End and Interrupt

® A/D conversion single mode
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o)

(®

ADMOD<EOCF> for A/D conversion end will be set to “1”, ADMOD
<ADBF > flag will be reset to “0”, and INTAD interrupt will be enabled when A/D
conversion of specified channel ends in fixed conversion channel mode or when A/D
conversion of the last channel ends in channel scan mode. :

® A/D conversion repeat mode

For both fixed conversion channel mode and conversion channel scan mode,
INTAD should be disabled when in repeat mode. Always set the INTEOAD at
“0007”, that disables the interrupt request.

Write “0” to ADMOD<REPET > to end the repeat mode. Then, the repeat
mode will be exited as soon as the conversion in progress is completed.

Storing the A/D Conversion Result

The results of A/D conversion are stored in ADREGO to ADREGS registers for each
channel. In repeat mode, the registers are updated whenever conversion ends.
ADREGO to ADREGS are read-only registers.

Reading the A/D Conversion Result

The results of A/D conversion are stored in ADREGO to ADREGS registers. When the
contents of one of ADREGO to ADREG3 registers are read, ADMOD <EOCF > will be
cleared to “0”.

Setting example: (D When the analog input voltage of the AN3 pin is A/D converted
and the result is stored in the memory address FF10H by A/D
interrupt INTAD routine

Main setting

[ INTEOAD ¢ 1100 - - - - Enable INTAD and set interrupt level 4.
ADMOD «XX000111 Specify AN3 pin as an analog input channel and
starts A/D conversion in high speed mode.

1.

INTAD routine

WA « ADREG3 Read ADREG3L and ADREG3H valuesand write to
WA (16 bit)
WA >> 6 Right-shifts WA six times and writes 0in upper
bits.
| (00FF10H)« WA Writes contents of WA in memory at FF10H

When the analog input voltage of ANO~AN2 pins is A/D converted in high speed
conversion channel scan repeat mode

INTEGAD « 1000 - - - - Disable INTAD. .
ADMOD «XX110110 Start the A/D conversion of analog input channels

ANO~AN2 in the high-speed scan repeat mode.
Note: X;don’t care -;no change
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3.13 Watchdog Timer (Runaway Detecting Timer)

TMP96C141 is containing watchdog timer of Runaway detcting.

The watchdog timer (WDT) is used to return the CPU to the normal state when it
detects that the CPU has started to malfunction (runaway) due to causes such as noise.
When the watchdog timer detects a malfunction, it generates a non-maskable interrupt

to notify the CPU of the malfunction, and outputs 0 externally from watchdog timer out
pin WDTOUT to notify the peripheral devices of the malfunction.

Connecting the watchdog timer output to the reset pin internally forces a reset.
3.13.1 Configuration

Figure 3.13 (1) shows the block diagram of the watchdog timer (WDT).

WDTOUT ] [>o—{1 WoTOUT
PO WDMOD < RESET >
RESET

Watchdog timer
e I out control
WDMOD enable .
<WDTP1, 0> —»>| Selector T T
faa  Reset
W | o N
g pu Dl o
N NN~
N~
viviv|wv
B R R
# (fd/2)— Watchdog timer Q

22-stage binary counter

R S

reset : Reset
WDMOD
3 <WDTE>|
Reset

HALT instruction
(Stop or Idle mode)

4EH B1H
Write Write

Watchdog timer
control register

Internal bus

Figure 3.13 (1) Block Diagram of Watchdog Timer
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The watchdog timer is a 22-stage binary counter which uses ¢(fc/2) as the input clock.
There are four outputs from the binary counter: 216/fc, 218fc, 220/fc, and 222/c. Selecting
one of the outputs with the WDMOD register generates a watchdog interrupt, and
outputs watchdog timer out when an overflow occurs.

Since the watchdog timer out pin (WDTOUT) outputs “0” due to a watchdog timer
overflow, the peripheral devices can be reset. The watchdog timer out pin is set to 1 by
clearing the watchdog timer (by writing a clear code 4EH in the WDCR register). In
other words, the WDTOUT keeps outputting “0” until the clear code is written.

The watchdog timer out pin can also be connected to the reset pin internally. In this
case, the watchdog timer out pin (WDTOUT) outputs 0 at 32states (3.2,s @ 20MHz) and
resets itself.

LC
WDT Counter n 004 ) (:(: X 0
WDT Interrupt I I «
Clear code ofwri’t,e
WDT Clear
(Soft ware) {4

WDTOUT I «
17

Figure 3.13(2) Normal Mode

Over flow

WDT Counter n % «
)
WDT Interrupt | | «

)

WDTOUT
(Internal Reset) | (« J
| e |

I 32states (3.2us @ 20MHz)

Figure 3.13(3) Reset Mode
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3.13.2 Control Registers

M

@

Watchdog timer WDT is controlled by two control registers WDMOD and WDCR.
Watchdog Timer Mode Register (WDMOD)
®  Setting the detecting time of watchdog timer < WDTP >

This 2-bit register is used to set the watchdog timer interrupt time for detecting
the runaway. This register is initialized to WDMOD <WDTP1, 0> =00 when
reset, and therefore 216/t is set. (The number of states is approx. 32,768.)

©  Watchdog timer enable/disable control register <WDTE >

When reset, WDMOD <WDTE > is initialized to “1” enable the watchdog timer.

To disable, it is necessary to clear this bit to “0” and write the disable code (B1H)
in the watchdog timer control register WDCR. This makes it difficult for the
watchdog timer to be disabled by runaway.

However, it is possible to return from the disable state to enable state by merely
setting <WDTE > to “1”.

®  Watchdog timer out reset connection <RESCR >

This register is used to connect the output of the watchdog timer with- RESET
terminal, internally. Since WDMOD <RESCR >is initialized to 0 at reset, a reset
by the watchdog timer will not be performed.

Watchdog Timer Control Register (WDCR)

This register is used to disable and clear of binary counter the watchdog timer
function.
® Disable control

By writting the disable code (B1H) in this WDCR register after clearing
WDMOD <WDTE > to “0”, the watchdog timer can be disabled.

WDMOD « 0 - - - - - XX Clear WDMOD<WDTE >to "0”.
WDCR ¢« 10110001 Write the disable code (B1H).

® Enable control
Set WDMOD <WDTE >to “1”.
® Watchdog timer clear control

The binary counter can be cleared and resume counting by writing clear code
(4EH) into the WDCR register.

WDCR « 01001110 Write the clear code (4EH).
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7 f e i s P4 i3 i 2 i o1 i o0
bitSymbol | WDTE i WDTP1 : WDTPO | WARM : HALTMO : HALTMO . RESCR : DRVE
WDMOD Read/Write R/W
(OOSCH) H T T H T T H
i After reset 1 0o i 0 0 : 0 o : o0 : 0

WDT éSeIect detecting tim arming %Standby mode 1: 1:
control ;00: 216/f¢ :00: RUN mode %Internally éDrivethe
. 101: 218/fc :01: STOP mode iconnects i pin evenin
Function : H : H
1: Enable : 10: 220/fc S0: 214/c :10: IDLE mode {WDToutto :STOPmode
111; 222/ i 1 , : int
1: 222/f¢ 1. 21675 511 Don't care §the reset ;:ung
| 1 1 1 |

|-> DRVE (explanation by stop mode)

Watchdog timer out control
0 |=—

1 | Connects WDT out to areset

L——— Select the standby mode HALT instruction
00 | RUN mode (Only the CPU stops)

11 | Don't care

—— Select the detecting period of watchdog
timer
0 | 2'4/fc (approx. 1.0ms @16MHz)

1 |216/fc (approx. 4.1ms @16MHz)

> Select the detecting time of watchdog timer
00 | 216/fc (approx. 4.1ms @16MHz)

11 | 222/fc (approx. 262ms @16MHz)

Watchdog timer Enable / Disable control
0 |Disable

1 [Enable

Figure 3.13 (4) Watchdog Timer Mode Register
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7 ¢+ 6 ¢ 5 i 4 i 3 2 1 0
WDCR bit Symbol -
Read/Write
(005DH)
After reset -
B1H : WDT disable code
4EH : WDT clear code
Function

——> Disable/clear WDT
B1H Disable code

Others | —

Figure 3.13(5) Watchdog Timer Control Register
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3.13.3 Operation

The watchdog timer generates interrupt INTWD after the detecting time set in the
WDMOD <WDTP1, 0>register and outputs a low level signal. The watchdog timer
must be zero-cleared by software before an INTWD interrupt is generated. If the CPU
malfunctions (runaway) due to causes such as noise, but does not execute the instruction
used to clear the binary counter, the binary counter overflows and an INTWD interrupt
is generated. The CPU detects malfunction (runaway) due to the INTWD Interrupt and
it is possible to return to normal operation by an anti-mulfunction program. By
connecting the watchdog timer out pin to peripheral devices’ resets, a CPU malfunction
can also be acknowledged to other devices.

The watchdog timer stops its operation in the IDLE and STOP modes. In the bus
releasing, the watchdog timer continues the countting. In the RUN mode, the watchdog
timer is enabled.

However, the function can be disabled when entering the RUN mode.

Example : @ Clear the binary counter

WODCR « 01001110 Write clear code (4EH).

@ Set the watchdog timer detecting time to 218/fc

WDMOD « 1 01 - - - X X

@ Disable the watchdog timer.

WDMOD « 0 - - - - - X X Clear WDTE to “0".
WDCR « 10110001 Write disable code (B1H).
@ Set IDLE mode.
WOMOD « 0 - - - 10 X X Disables WDT and sets IDLE mode.
WDCR « 10110001
Executes HALT command Set the standby mode

® Set the STOP mode (warming up time: 218/fc)

WDMOD « - - - 101X X Setthe STOP mode.
Executes HALT command. Execute HALT instruction. Setthe standby
mode.
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4. ELECTRICAL CHARACTERISTICS

4.1  Absolute Maximum (TMP96C141F)

Symbol Parameter Rating Unit

Vcc Power Supply voltage ~-0.5~6.5 \
VIN Input voltage -0.5~Vcc+0.5 v
Z10L Output Current (total) 100 mA
> I0H Output Current (total) -100 mA
PD Power Dissipation (Ta=707TC) 600 mwW
T SOLDER Soldering Temperature (10's) 260
TSTG Storage temperature -65~150 T
TOPR Operating temperature -20~70 T

4.2 DC Characteristics (TMP96C141F)
Vee=5V+10%,Ta= -20~707C (Typical values are forTa=25C and Vcc=5V.)

Unit

X1

Darlington Drive Current

(8 Output Pins max.)
ILl Input Leakage Current
1LO Output Leakage Current
icc Operating Current (RUN)
IDLE
STOP (Ta= -20~70C)
STOP (Ta=0~507C)
VSTOP | Power Down Voitage

(@STOP, RAM Back up)

Schmitt Width

RESET, NMI, INTO (P87)

Pull Down/Up Registor

—1.0 -35
TR TT T T
0.05(Typ) | +10
26 (Typ) |50
1.7 (Typ) |10
0.2 (Typ) |50
10
P e

Symbol Parameter Min Max Test Condition
VIL Input Low Voltage (ADO-15) | —0.3 0.8 Vv
VIL1 P2, P3, P4, PS5, P6, P7, P8, P9 -0.3 0.3Vcc \
VIL2 RESET,NMI,INTO(P87) -0.3 0.25Vcc \Y
VIL3 EA -03 0.3 Vv
ViL4 X1 -0.3 0.2Vcc Vv

Input High Voltage (ADO =15y |22 Vec +0.3 Y
P2, P3, P4, P5, P6, P7, P8, P9 0.7Vcc Vee+0.3 v
RESET, NMI, INTO (P87) 0.7 Vec+0.3 Vv
EA Vi Vec+0.3 \Y

0. Vee+0.3 \Y

0.2=Vin=Vcc-0.2
0.2=Vin=Vcc-0.2

VIL2 =0.2Vcc,
VIH2 =0.8Vcc

Note: I-DARis guaranteed for a total of up to 8 ports.
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4.3 ACElectrical Characteristics (TMP96C141F)
Vce=5V £10% , TA= -20~70C

(4AMHz~20MHz)
No. |Symbol Paramerer ‘Vonable 1,6MHZ .ZOMHZ Unit
Min Max Min | Max | Min | Max
1{ tosc | Osc. Period (=x) 50 250 62.5 50 ns
2| tck | CLK width 2x - 40 85 60 ns
3| tak | AD-23 Valid— CLK Hold 0.5x-20 11 5 ns
4] tka CLK Valid— A0-23 Hold 1.5x-70 24 5 ns
5] taL A0-15 Valid— ALE fall 0.5x - 15 16 10 ns
6] ta ALE fall-> A0-15 Hold 0.5x - 15 16 10 ns
71 tL ALE High width x—40 23 10 ns
8| t.c | ALE fall> RDAWR fall 0.5x - 30 1 -5 ns
9| tc.  |RDMWR rise—> ALE rise 0.5x - 20 11 5 ns
10| tact | A0-15 Valid— RDAWR fall x—25 38 25 ns
11| tacy | A0-23 Valid— RD/WR fall 1.5x = 50 44 25 ns
12| tca  |RDAWR rise— A0-23 Hold 0.5x — 20 11 5 ns
13] tapL | A0-15 Valid—>D0-15 input 3.0x-45 143 105 | ns
14| tapH | A0-23 Valid— D0-15 input 3.5x-65 154 110 | ns
15| trp__|RDfall - D0-15 input 2.0x-50 75 50 | ns
16| trr RD Low  width 2.0x-40 85 60 ns
17| tur | RDrise— D0-15 Hold 0 0 0 ns
18| trag | RDrise— A0-150utput x—-15 48 35 ns
19| tww |WRLlow width 2.0x-40 85 60 ns
20| tpw | D0-15 Valid— WRrise 2.0x-50 75 50 ns
21| twp |WRrise -D0-15 Hold 0.5x - 10 21 15 ns
22| takn | AD-23 Valid—  WAIT input (WAL 1) 3.5x - 90 129 85 | ns
23| tawL |AO-15Valid— WAIT input (\WAT 3.0x - 80 108 70 | ns
24| tcww | RDWR fallSWAIT Hold AT )| 2.0x+0 125 100 ns
25| tapH | A0-23 Valid— PORT input © |2.5x-120 36 5] ns
26| tapH2 | A0-23 Valid—> PORT Hold 2.5x + 50 206 175 ns
27| tep WR rise— PORT Valid 200 200 200 | ns
28| tasry [ A0-23 Valid— RAS fall 1.0x - 40 23 10 ns
29| tasrL | AO-15 Valid— RAS fali 0.5x— 15 16 10 ns
30| tgac | RAS fall-> D0-15 input 2.5x-70 86 55 | ns
31| tran | RAS fall- A0-15 Hold 0.5x - 15 16 10 ns
32| tras |RAS Low width 2.0x - 40 85 60 ns
33| tp |RASHigh width 2.0x - 40 85 60 ns
34| trsH_ | CAS fall> RASrise 1.0x-35 28 15 ns
35/ tgsc | RAS rise— CAS rise 0.5x ~ 25 6 0 ns
36| trep | RAS fall> CAS fall 1.0x — 40 23 10 ns
37| tcac | CAS fall> D0-15 input 1.5% = 65 29 10 | ns
38| tcas |CASLow  width 1.5x-30 64 40 ns
AC Measuring Conditions
® Outputlevel : High2.2V /Low0.8V ,CL50pF
(However CL = 100pF for ADO~AD15, ADO~AD23, ALE, RD, WR, HWR, RAW, CLK, RAS, CASO~CAS2)
® Input Level : High2.4V  /Low 0.45V (ADQO~AD15)

High 0.8Vcc /Low 0.2Vce (Except for ADO~AD15)
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(1) Read Cycle

X1

I« telk— '

(@]
)
1§
]|

A0~23 }(: :5<:

tcw—

:
>
S
=
-
’I

PortInput —z—r—-——r--—-g- ______ L -
: tASRH™ {—-

ADO~1S  —fo T AD~15  Pmsmmmmm - < po~15 P--

ALE
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(2) Write Cycle

X1

A0~23

Port Output
+j+

RAS

CAS0~2

S —

3
I
:
e

1DW

ADO~15 -%—-——-( A§0~15 >< DO~1SE J}
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4.4 A/D Conversion Characteristics (TMP96C141F)

Vec=5V+10% TA = ~20~70°C
Symbol Parameter ‘ Min Typ Max Unit
VRer Analog reference voltage Vee—-1.5 Vee Vee
AgND Analog reference voltage Vss Vss Vss \
Vain Analog input voltage range Vss Ve
lReF Anlog current for analog reference voltage 0.5 1.5 mA
Error(Quantize |4=fc Low speed conversion mode +1.5(TBD) 4.0
errorof £ 0.5 =16MHz High speed conversion mode +3.0(TBD) +6.0 LS8
LSB not 16=fc Low speed conversion mode +1.5(TBD) 4.0
included) = 20MHz High speed conversion mode +4.0(TBD) +8.0

4.5 Serial Channel Timing - I/0 Interface Mode

(1) SCLK Input Mode Vce=5V+10% TA= -20~70°C
Symbol Parameter Variable 16MHz 20MHz Unit
Min Max Min | Max | Min | Max
tscy SCLK cycle 16X 1 0.8 us
toss Output Data — Rising edge of SCLK tscy/2~5X-50 137 100 ns
tons | SCLK rising edge— Output Data hold 5X - 100 212 150 ns
tysr | SCLK rising edge— Input Data hold 0 0 0 ns
tspp | SCLK rising edge— effective data input ttscy — 5X— 100 587 450 ns

(2) SCLK Output Mode

Variable 16MHz 20MHz .
Symbol Parameter - - - Unit
., Min Max Min | Max | Min | Max

tscy SCLK cycle (programmable) 16X 8192X 1 512 0.8 1409.6| us
toss Output Data = SCLK rising edge tscy — 2X - 150 725 550 ns
tons | SCLK rising edge— Output Data hold 2X - 80 45 20 ns
tusr | SCLK rising edge— Input Data hold 0 0 0 ns
tsro | SCLK rising edge— effective data input tscy — 2X— 150 725 550 ns

4.6 Timer/Counter Input Clock (TI0, Ti4, TI5, Ti6, TI7)
Vee=5V*10% TA=-20~70°C

Variable 16MHz 20MHz i
[Symbol Parameter - Unit
Min Max Min Max Min Max
tvck Clock Cycle 8X + 100 600 500 ns
tyexL Low level clock Puise width 4X +40 290 240 ns
tvckn | Highlevel dlock Pulse width 4X +40 290 240 ns

4.7 Interrupt Operation
Vee=5V+10%  TA=-20~70°C

Variable 16MHz 20MHz X
Symbol Parameter - - - Unit
Min Max Min Max Min Max
tintaL | NMI, INTO Low level Pulse width 4x 250 200 ns
tintaH | NMI, INTO Righ level Pulse width 4X 250 200 ns
tinteL | INTA~INT7 Low level Pulse width 8X + 100 600 500 ns
tinten | INTA~INT7 High level Pulse width 8X + 100 600 500 ns
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4.8 Timing Chart for /O Interface Mode

687081
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49 Timing Chart for Bus Request (BUSRQ) /BUS Acknowledge (BUSAK)

ae X XA X XA X K X

(Note1)

X

| < tBRC —>—= 18RC
BUSRQ <~
teeaL § tcgaH
BUSAK 4
3 /
ADO~AD15, AD~A23 — ths (Note2) e
ADU~AD15, AU~AZS, tasa ote
CS0~CS2, RAW, RAS, el e =
CASD~CAS2 —_— e
[ Note2 —
RD, WR, HWR ; K.____..gs_.____(_.._) __________ 7/
ALE ( [\
LR
Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min | Max | Min | Max

tgrc | BUSRQ set-up time for CLK 120 120 120 ns

tcgar | CLK—BUSAK falling edge 1.5x+120 214 195 ns

tepan | CLK— BUSAK rising edge 0.5x + 40 71 65 ns

tasa | Output Buffer is off to BUSAK % 0 80 0 80 0 80 ns

tgaa | BUSAK f to Output bufferis on. 0 80 0 80 0 80 ns

Note 1: The Bus will be released after the WAIT request is inactive, when the BUSRQ

is set to “0” during “Wait” cycle.

Note 2: This line only shows the output buffer is off-states.

They don’t indicate the signal level is fixed.

After the busis released, the signal level is kept dynamically before the bus is
released by the external capacitance.

Therefore, to fix the signal level by an external resistance under the bus is
releasing, the design must be carefully because of the level-fix will be delayed.
The internal programmable pull-up/pull-down resistance is switched
active/non-active by the internal signal.
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4.10 Typical characteristics
Vee=5V, Ta=25°C, unless otherwise noted.

Ve (V) lcc (mA)
6 30 -
5 /
20

4 7
A 11

3 ,/ //
- - -/ ‘o
2
5 10 15 20 25 5 10 15 20 25
] fosc (MHz) fosc (MHz)
Figure 5.1 Vcc - fosc TYPICAL CURVE Figure 5.2  fosc—lcc TYPICALCURVE '05¢
Icc (MA)
40
30 /
fogc: 20MHz
20 =]

e I I
fosc=4MHz

—
0 |
3 4 5 6
. Ve (V)
Figure 5.3 Icc—Vce TYPICAL CURVE
loL(mA) 0 1 2 3 4 5 Vour (V)
40

30 -0 /

20 Ve //
/ -30
10
. —40
1 2 3 4 5 Vour (V) lon (mA)
Figure 5.4 Vouyt-loL TYPICAL CURVE Figure 5.5 Voyt —lox TYPICAL CURVE
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5. TABLE OF SPECIAL FUNCTION REGISTERS (SFRs)
(SFR; Special Function Register)

The special function registers (SFRs) include the I/O ports and peripheral control
registers allocated to the 128-byte addresses from 000000H to 00007FH.

(1) L/Oport

(2) I/O port control

(3) Timer control

(4) Pattern Generator control
(6) Watch Dog Timer control
(6) Serial Channel control

(7) A/D converter control

(8) Interrupt control

(9) Chip Select / Wait control

Configuration of the table

Symbol Name Address 7 i 6 i // f1io

i L ]bit symbol

\Y »Read /Write

\ \ >Initial value afrer reset
// >Remarks

020289
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Table5 1/0 register address map

IADDRESS NAME ADDRESS NAME ADDRESS NAME ADDRESS NAME

000000H| PO 20H| TRUN 40H| TREG6L 60H | ADREGOL
TH| P1 21H 41H| TREG6H 61H | ADREGOH
2H| POCR 22H| TREGO 42H| TREG7L 62H | ADREG 1L
3H 23H| TREG1 43H| TREG7H 63H| ADREG1H
4H|[P1CR 24H| TMOD 44H | CAP3L 64H| ADREG2L
S5H|P1FC 25H| TFFCR 45H] CAP3H 65H | ADREG2H
6H|P2 26H| TREG2 46H| CAP4L 66H | ADREG3L
7H|P3 27H| TREG3 47H| CAP4H 67H| ADREG3H
8H| P2CR 28H| POMOD 48H| TSMOD 68H | BOCS
9H| P2FC 29H| PIMOD 49H| TSFFCR 69H | B1CS
AH|P3CR 2AH| PFFCR 4AH 6AH|B2CS
BH| P3FC 2BH 48H 6BH
CH| P4 2CH 4CH | PGOREG 6CH
DH|P5 2DH 4DH| PG1REG 6DH
EH | P4CR 2EH 4EH| PGO1CR 6EH
FH 2FH 4FH 6FH
10H | P4FC 30H| TREG4L 50H | SCOBUF 70H | INTEOAD
11H 31H| TREG4H 51H|SCOCR 71H| INTE45
12H| P6 32H| TREGSL 52H| SCOMOD 72H|INTE67
13H|P7 33H| TREGSH 53H [ BROCR 73H|INTET10
14H| P6CR 34H| cAPIL 54H| SC1BUF 74H | INTEPW10
15H| P7CR 35H| CAPTH 55H|SC1CR 75H | INTET54
16H| P6FC 36H| CAP2L 56H | SC1MOD 76H | INTET76
17H| P7FC 37H| CAP2H 57H|BR1CR 77H | INTESO
18H | P8 38H| T4MOD 58H| ODE 78H | INTES1
19H| P9 39H| TFF4CR 59H 79H
1AH| P8CR 3AH| T45CR 5AH 7AH
1BH | P9CR 3BH 5BH 7BH | IIMC
1CH| P8FC 3CH 5CH|[WDMOD 7CH [ DMAOV
1DH | POFC 3DH 5DH| WDCR 7DH| DMA1TV
1EH 3EH 5EH | ADMOD 7EH| DMA2V
1FH 3FH S5FH 7FH | DMA3V
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(1) 1O Port
Symbol | Name | Address 7 6 5 i a4 3 2 1 0
PO7 P06 POS I P04  PO3 P02 i P01 i  POO
PO PORTO 00H RIW
Input mode
Undefined
P17 P16 P15 : P14 : P13 P12 i P11 i P10
P1 PORT1 01H RIW .
_ Input mode
0 0 0 : 0 ; 0 0 : 0 : 0
p27 P26 P25 i P24 i P23 P22 i P21 i P20
P2 PORT2 06H RIW
_ Input mode
0 0 0 H 0 i 0 0 i 0 : 0
P37 P36 P35 i P34 : P33 P32 i P31 i P30
P3 PORT3 07H RIW
Input mode Qutput mode
1 1 1 : 1 : 1 1 1 : 1
: P42 1 P41 i P40
P4 PORT4 OCH RIW
Input mode
0 : 1 H 1
P53 Ps2 i P51 : PS0
P5 PORTS ODH R
: H Input mode
P67 P66 P65 i P64 i P63 P62 i P61 : P60
P6 PORT6 12H RIW
_Input mode
1 1 1 : 1 : 1 1 : 1 : 1
: I P72 1 P71 i P70
P7 PORT7 13H RIW
Input mode ]
B : 1 1 H 1 H 1
P87 P86 P85 i P84 i P83 P82 i P81 i P80
P8 PORT8 18H : RIW
_ Input mode _ _
1 1 1 : 1 : 1 1 : 1 : 1
P95 i P94 i P93 i P92 i P91 i P90
P9 PORT9 19H RIW
Input mode
1 1 1 : 1 1 ; 1

Note: When P30 pin is defined as RD signal output mode (P30F =1), clearing the output latch register
P30 to “0” outputs the RD strobe from P30 pin for PSRAM, even when the internal address is
accessed. If the output latch register P30 remains “1”, the RD strobe is output only when the

external address is accessed.

Read/Write

R/'W
R
w

; Either read or write is possible
; Only read is possible
; Only write is possible

Prohibit RMW ; Prohibit Read Modify Write. (Prohibit RES/SET/TSET/CHG/STCF/
ANDCF/ORCF/XORCF Instruction)
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(2) /O Port Control (1/2)
Symbol [ Name | Address 7 6 5 : 4 3 : 2 : 1 : 0
P0O7C PO6C PO5C i PO4C i PO3C i P02C i POIC  POOC
POCR | PORTO 02H W
Control | (Prohibit 0 : 0 0 : 0 : 0 : 0 : 0 : 0
RMW) 0:IN__1:0UT(When external access, set as AD7-0 and cleared to "0".)
P17C i P16C P15C : P14C i P13C i P12C : P11C_ i P10C
P1CR |PORT1 04H w
Control | (Prohibit 0 0 0 : 0 : 0 : 0 0 0
RMW) < <Refer to the "P1FC" > >
Pi7F P16F PI5F i P14F i P13F i P12F i P11F i P10F
P1FC | PORT1 05H W
Function | (Prohibit 0 0 : 0 0 : 0 : 0 0 : 0
RMW) PIFC/PICR=00:IN, 01:OUT, 10:AD15-8, 11:A15-8
p27¢ P26C P25C i P24C i P23C i P22C i P21C : P20C
P2CR | PORT2 08H W
Control | (Prohibit 0 0 0 : 0 0 0 0 : 0
RMW) < <Referto the "P2FC" > >
P27F P26F P25F :  P24F i P23F : P22F i P21F i P20F
P2FC | PORT2 09H w
Function | (Prohibit 0 0 : 0 : 0 H 0 ; 0 H 0 : 0
RMW) P2FC/P2CR =00 IN, 01: QUT, 10: A7-0, 11:A23-16
P37C P36C i P35C i P34C i P33C | P32C !
P3CR |PORT3 0AH W
Control | (Prohibit 0 0 : 0 : 0 : 0 : 0
RMW) 0:IN 1:0UT : :
P37F P36F i P35F i P34F i P32F__ P31F i P30F
w
P3FC | PORT3 0BH 0 : 0 0 : 0 : 0 0 : 0
Function | (Prohibit [0:PORT :0:PORT i0:PORT :0:PORT i {0:PORT i0:PORT :0:PORT
RMW) |1:RAS  :1:RW  :1:BUSAK :1:BUSRQ : C1:HWR 1 WR :1:RD
: : : : P42C 1 P41C__ 1  P40C
P4CR | PORT4 OEH w
Control | (Prohibit 0 : 0 0
RMIW) 0:IN 1:0UT
P42F 1 P41F i  PAOF
PAFC | PORT4 10H w
Function | (Prohibit 0 : 0 : 0
RMVIW) 0: PORT 1: CS/TAS

Note: With the TMP96C141/TMP96C141A/TMP96C041A, which requires an external ROM, PORTO
functions as ADO to AD7; PORT1, AD8 to AD15; P30, the RD signal; P31, the WR signal,
regardless of the values set in POCR, P1CR, P1FC, P30F and P31F.
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I/0 Port Control (2/2)
Symbol | _Name | Address 7 6 5 i 4 3 2 1 9
P67C P66C P65C P64C P63C P62C P61C P60C
PORT6 14H w
P6CR Control | (Prohibit 0 0 0 0 ; 0 H 0 0 0
RMW) 0:IN 1:0UT
: P73C P72C P71C P70C
PORT7 15H W
PTCR Control | (Prohibit 0 : 0 : 0 H 0
RMW) 0:IN 1:0UT
P67F P66F P65F P64F P63F P62F P61F P6OF
perc | PORTE. 16H - W
Function | (Prohibit 0 H 0 0 : 0 : 0 0 0 0
RMW) 0: PORT 1:PG1-QUT 0: PORT 1:PGO-QUT,
: : P73F i P72F P7iF
w
P7FC Pfj:;on 17H : 0 0 : 0
(Prohibit {0:PORT  :0:PORT :0:PORT
RMW) (1:TO3  i1:T702  i1:TO1
P87¢C P86C P85C P84C P83C P82C P81C P8OC
PORT8 1AH W
PBCR Control | (Prohibit 0 0 0 : 0 i 0 i 0 0 0
RMW) 0:IN 1:0UT
P95C P94C P93C P92C P91C P90C
PORTY 1BH w
PICR Control | (Prohibit 0 0 0 ; 0 H 0 0
RMW) (IN 1:0UT
P86F i P83F P82F
w W w
PORT.
P8FC Sunzion 1CH : 0 : 0 : 0
(Prohibit {0: PORT i0:PORT  :0:PORT
RVIW) 1:TO6 (1:TO5  i1:TO4
: POSF i P93F PO2F POOF
w w w w
PIFC Pgl:‘:;ion 1DH T o T o0 o T o
(Prohibit 0 : PORT 0 : PORT 0 : PORT 0 : PORT
RMIW) i1:SCLK1 (:TxD1 i1 :SCLKO i1 : TxDO

Note: The register P92F is used only in the TMP36CM40/TMP96PM40/TMP96C141A/TMPI6C041A,
and not available in the TMP96C141. (It cannot be defined as SCLKO).
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(3) Timer Control (1/3)
Symbol | Name | Address | 7 6 : 5 i 4 + 3 i 2 1 HE)
PRRUN : TSRUN @ T4RUN P1RUN PORUN TIRUN TORUN
RIW RIW
Ti : : :
TRUN imer 20H 0 0 : 0 : 0 : 0 0 0
Control Prescaler & Timer Run/Stop CONTROL
0 : Stop & Clear
1 : Run (Count up)
I 22H _
TReGo [BOTETIMer | o hibit W
Register 0
RMW) Undefined
- 23H _
TReG1 |BOILTIMer | b ohibit W
Register 1
RMW) . . Undefined
T10M1 TIOMO : PWMM1 : PWMMO : TICLK1 T1CLKO TOCLK1 TOCLKO
- W
z:’;:’eme' 0o o0 0 o0 . o 1 o 0 0
T™OD | ¢ & 24H 00: 8bitTimer :  00: - : 00 : TOOTRG 00 : TI0 Input
MODE 01: 16bit Timer 01:26-1 PWM 01:4T1 01:4T1
(Prohibit 10: 8bitPPG 10:27-1 10: 4T16 10: 474
RMW) 11: 8bitPWM 11:28-1 11: 47256 11:4T16
: DBEN TFFIC1 : TFFICO : TFFIIE TEF1IS
RW : w RIW
8bit Timer ; 0 0 i 0 : 0 0
TFFCR |Flip-Flop 25H 1: Double : 00 : Invert TFF1 i1 TFF1 :0: Inverted
Control Buffer : 01: Set TFF1 i invert i by
Enable 10: Clear TFF1 Enable : Timer0
11: Don'tcare :
PWM -
TREG2 |Timer 26H (R)W___ (Can read register buffer values.)
Register 2 Undefined
PWM —
TREG3 |Timer 27H (R)W__ {Can read register buffer values.)
Register 3 Undefined
FF2RD DB2EN ! PWMOINT : PWMOM : T2CLK1 T2CLKO : PWMOS1 : PWMOSO
R W
- : 0 : 0 0 0 H 0 0 : 0
PWMO TFF2 i1: Double 0: Overfiow {0: PWM 00: ¢P1 (fc/d) 00:26-1
POMOD Mode| 28 [output i Buffer { interrupt Mode 01: ¢P4 (fc/16) 01:27-1
value Enable :1: Compare/il: Timer : 10: ¢P16 (fc/64) 10:28~1
§ match Mode : 11: Don't care 11:Don't care
(Prohibit interrupt :
RMW) ; ; : :
FF3RD DB3EN | PWMIINT i PWMIM | T3CLK1 T3CLKQ | PWMI1S1 | PWMI1SO
R wW
- i 0 : 0 0 : 0 0 0 0
PWMI TFF3 1 : Double 0 Overflow 0: PWM 00: ¢P1 (fc/d) 00:26-1
P1MOD Mode 29H  loutput Buffer : interrupt Mode 01: ¢P4 (fc/16) 01:27-1
value Enable i1: Comparesil: Timer |  10: ¢P16(fc/64) 10:28-1
Y match Mode : 11: Don't care 11: Don'tcare
(Prohibit interrupt : :
RMW) :
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Timer Control (2/3)
Symbol | _Name | Address 7 i 6 i 5 i 4 i 3 i a2 i 4 i 0
FF3C1 FF3CO : FF3TRG1 : FF3TRGO : FF2C1 FF2C0 : FF2TRG1 : FF2TRGO
W : RIW : W : RW
0 0 0 0 0 0 0 0
00:Don‘tcare i 00: Prohibit TFF3 00 : Don't care : Prohibit TFF2
PWM 01:SetTFF3 inverted H 01:SetTFF2 inverted
PFFCR | Flip-Flop 2AH 10: Clear TFF3 : 01: Invertif matched 10: Clear TFF2 : Invert if matched
Control 11: Don't care 110 Setif matched; @ 11: Don'tcare : Setif matched;
clearif clearif
overflowed H overflowed
i 11: Clearif matched; : Clear if matched;
i setif overflowed : set if overfiowed
16bit 30H _
TREGAL [Timer (Prohibit W
RegisterdL | RMW) Undefined
16bit 31H -
TREGA4H |Timer (Prohibit w
Register4dH | RMW) Undefined
16bit 32H -
TREGSL [Timer (Prohibit w
Register5L | RMW) Undefined
16bit 33H : -
TREG5H [Timer (Prohibit w
Register5H | RMW) Undefined
capiL [CoPture 34H R
RegisteriL -
Undefined
c -
captH |S2PLUre 35H R
Register1H -
Undefined
Capture =
CAp2L Register2L 364 R
Undefined
CAp2H |CaPture 37H R
Register2H "
. Undefined .
CAP2T5 EQS5TS CAP1IN i CAP12M1 : CAP12MO : CLE T4CLK1 T4CLKO
16bit RAW Pow RIW
Timer 4 0 : 0 : 0 0 : 0 : 0 0 : 0
T4MOD |Source 38H TFF5 INV TRG Capture Timming Source Clock
CLK & 0: TRG Disable : 0:Soft- : 00:Disable : 00:TI4
MODE 1:TRG Enable i Capture ! 01:T4 TTIST :1:UC4 01:¢T1
i1:Don't @ 10:Tl4 1T T4 i Clear i 10:4T4
care i 11:TFF1 1 TFF1| Enable | 11:4T16
TFF5C1 TEF5C0O CAP2T4 CAP1T4 EQ5T4 EQ4T4 TEF4C1 TFF4CO
w : RIW W
16bit 0 i 0 i 0 0 {0 i 0 0 ¢ 0
T4FFCR Tirner4 39H 00: Invert TFF§ TFF4 Invert Trigger 00 :'Invert TFF4
Flip-Flop 01:Set TFF5 0 : Trigger Disable 01:SetTFF4
Control 10: Clear TFF5 1: Trigger Enable 10: Clear TFF4
" 11: Don'tcare 11: Don't care
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Timer Control (3/3)
Symbol Name Address 7 5 4 : 3 ; 2 1 : 0
- : PGIT | PGOT DB6EN DB4EN
R/W R/W
4,75 0 0 . 0 : 0 ' 0
T45CR Control 3AH Fixat"0" : : PG1 shift : PGOshift : 1: Double
: trigger trigger Buffer
0 : Timer 0,1 0 Timer 0,1 Enable
1 Timer5 i1:Timer4d
16bit 40H -
TREG6L [Timer (Prohibit W
Register6l | RMW) Undefined
16bit 41H -
TREG6H |Timer (Prohibit wW
Register6H | RMW) Undefined
16bit 42H -
TREG7L |Timer (Prohibit W
Register7L | RMW) Undefined
16bit 43H -
TREG7H [Timer (Prohibit W
Register7H| RMW) Undefined
cap3L |Capture 44H R
Register3L
Undefined
cap3y |Copure 4s5H R
Register3H
Undefined
capaL |S3PtUre 46H R
Register4L
Undefined
Capture —
CAP4H
RegisterdH A47H R
. Undefined
CAP3IN i CAP34M1 : CAP34MO : CLE T5CLK1 T5CLKO
16bit W RIW
Timer 5 o ¢ o i o i o 0o i o
Source : i CaptureTimming i Source Clock
T5MOD 48H :
CLK & 8 1 0:5oft- : 00:Disable H 00:Tl6
MODE ¢ Capture : 01:Ti6 T TI7 T :1:UC5 01:¢TH
i1:Dont | 10:T6 T TI6E | | Clear : 10:4T4
care i 11:TFF1 1 TFF1 | Enable : 11:4T16
CAP4T6 CAP3T6 EQ7T6 EQ6T6 TFF6C1 TFF6CO
. R/W w
16bit
6bi 6 o : o o 0o o
Timer 5
T5FFCR Flip-Flop 49H TFF6 invert Trigger 00 : Invert TFF6
0: Trigger Disable 01:Set TFF6
Control

1: Trigger Enable

10 : Clear TFF6
11: Don'tcare
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(4) Pattern Generator
Symbol | _Name | Address 7 6 i 5 4 3 P2 : ! 0
PGO 4CH PGO3 PGO2 | PGO1 PG00 SA03 SAQ2 SA01 SA00
PGOREG . (Prohibit W R/W
Register >
° RMWY) 0 0 ; 0 0 Undefined
PG1 4DH PG13 PG12 PG11 PG10 SA13 SA12 SA11 SA10
PG1REG . (Prohibit w RW
R t -
cosTer RMW) 0 0 : 0 0 Undefined
PAT1 CCW1 PG1M PGITE PATO CCWO0 PGOM PGOTE
RIW
PGO. 1 0 0 0 0 0 0 0 0
PGO1CR ! 4EH | O: 8bit 10: Normal i 0: 4bit iPG1 trigger: 0: 8bit 10: Normal : 0: 4bit
Contorol L L : L Lo
write { Rotation : Ste put write : Rotation ; Ste
1:4bit  :1:Reverse | 1:8bit nable  i1:4bit | 1:Reverse i 1:8bit
- write ! Rotation | Step i1: Enable write | Rotation Ste
(5) Watch Dog Timer
Symbol | Name | Address 7 6 5 4 : 3 2 : 1 0
WDTE WDTP1 WDTPO WARM | HALTM1 : HALTMO : RESCR DRVE
R/W
Watch 1 0+ 0 i 0 0 i o 0 0
WD- | Dog 5CH : 00: 216/fc {Warming Standby Mode 1: Connect :1: Drive
MOD | Timer 1LWDT D 01: 2184 Sup Time 00: RUN Mode the pin
Mode Enable i  10: 220/fc £0: 214/fc 01: STOP Mode inSTOP
: 11: 222/f¢ 10 216/fc 10: IDLE Mode pinto i mode
: 11: Don't care Reset Pin |
Watch -
Dog
Timer 5DH W
WDCR | Control -
Register B1H: WDT Disable Code _4EH: WDT Clear Code
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(6) Serial Channel (1/2)
Symbol | Name | Address 7 6 s 1 a4 i 3 2 1 0
Serial RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
TB7 TB6 TBS TB4 TB3 TB2 RB1 TBO
SCOBUF | Channel 0 50H R (Receiving)/W (T T
Buffer eceiving) ( ransmission)
Undefined
RB8 EVEN PE i OERR : PERR FERR - : -
R RIW R (Cleared to 0 by reading) : RIW
Serial : 0 0 0 : 0 0 0
SCOCR | Channel 0 51H Receiving HH :0;SCLKO i1:input
Control data bit8 iParity i Overrun Framing : <J {SCLKO pin
Enable 1<§§‘Li {(Note)
TB8 RXE WU i SMmi SMO : SC1 : SCO
R/W
0 0 : 0 : 0 : 0 : 0 : 0 : 0
Serial . P H + n
SCO- ch 10 59H Trans- B BB : 00: Unused : 00: TOO Trigger
MOD a“"ed mission iReceive  iWakeup 01: UART 7bit ©01: Baudrate
Mode data bit 8 Enable! Enable: Enable: 10: UART 8bit i generator
; H i 11: UART 9bit i 10: Internal clock ¢1
: i 11: Don't care
- BROCK1 BROCKO BROS3 BROS2 BROS1 BROSO
R/W RIW
0 0 : 0 : 0 : 0 : 0 : 0
Baud Rate - 4 H H :
BROCR Control 53 Fix at 00: 470 (fc/d) Set frequency divisor
"o 01: 472 (fc/16)
10: 478 (fc/6a) O~F
11: 4732 (f¢/256) {"1" prohibited)
serial RB7 RB6 RB5 R84 RB3 RB2 RB1 RBO
eria 187 86 85 T84 83 782 RB1 T8O
SC1BUF | Channel 1 54H — —
R (Receiving) /W (Transmission)
Buffen " -
fal
RB8 EVEN PE : OERR PERR FERR SCLKS 10C
R RIW . R(Cleared to 0 by reading) RIW
Serial 0 0 : 0 : 0 0 0
SC1CR [ Channel 1 55H Receiving Rk : 1 SCLK1  i1:input
Control data bit8 {Parity : (_A_ {SCLK1 pin
Enable! osCLKy i
. v
TB8 - RXE WU o SMmit SMO SC1 : SCO
RIW
Serial 0 0 0 : 0 0 0 - L0
SC1- Channel 1 56H Trans- Fixat {1 HE 00: I/O Interface | 00: TOO Trigger
Mo Mode mission i "0"  iReceive iWakeup 01: UART 7bit 01: Baud rate
data bit8 : i Enablei  Enablei  10: UART 8bit generator
: : 11: UART 9bit 10: Internal clock ¢1
11: Don't care
Note : For TMP96C141, fix this bitto “0".
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(6) Serial Channel (2/2)
Symbol | Name | Address 7 6 5 4 : 3 2 : 1 : 0
= BR1CK1 _: BRICKO BR1S3 BR152 BR1S1 BR150
RIW RAW
0 0 i 0 i 0 i 0 i o0 i o
Baud Rate . 2 - : :
BRICR Control|  >'H Fix at 00: 470 (fc/4) Set frequency divisor
"o 01: ¢T2 (fc/16) o
10: 478 (fc/6d) | ~F
11: 4732 (fc/256) ("1" prohibited)
' : g ODE1 ODEQ
Serial R/W
ope | Open 58H (I
Drain 1:P93 1:P90
Enable Open- Open-
drain drain__ |
(7) A/D Converter Control
Symbol | Name | Address 7 6 I 4 3 2 1 : 0
EOCF ADBF : REPET SCAN ADCS : ADS ADCH1 : ADCHO
AD R : RIW
IADMOD |Converter SEH 0 : 0 : 0 0 0 i 0 0 : 0
Mode reg 1 End i1: Busy i1: Repeat i1:Scan H:Slow  i1:START {  AnalogInput
: : mode | mode’ mode': Channel Select
*1) ADRO1 ADROO : : : :
AD ’;‘f Roels:‘: 60H R
ReGoL |9 Undefined 1 R 1 1 1
ADRO09 ADRO8 ADRO7 ADRO6 ADROS5 ADRO4 ADRO3 ADRO2
lAD AD Result 61H R
REGOH |Reg 0 high
9 9 Undefined
*1) :
AD Result ADR11 ADR10
}AD Reg 1 low 62 R
REGIL | 9 Undefined 1 [ 1 1 1
ADR19 ADR18 : ADRI7 ADR16 ADR15 ADR14 _: ADRI3 ADR12
IAD AD Result 63H R
REG1H {Reg 1 high
egihig Undefined
1) ADR21 ADR20 :
AD :D R;IS”\'; 64H R
REGaL | 2% '° Undefined 1 T 1 1 1 i
ADR29 i ADR28 @ ADR27 ADR26 @ ADR25 ADR24 | ADR23 ADR22
IAD AD Result 65H R
REG2H |Reg 2 high
€g4nig Undefined
')ADR 1t ADR31 ADR30 :
AD fe :‘; 66H R
REG3L | o9 'OW Undefined 1 11 1 1 1
ADR39 | ADR38 : ADR37 : ADR36 : ADR35 : ADR34 : ADR33 ADR32
IAD AD Result 67H R
REG3H |Reg 3 high
€g=hig Undefined

*1: Data to be stored in A/D Conversion Result Reg Low are the lower 2 bits of the conversion
result. The contents of the lower 6 bits of this register are always read as “1”.
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(8) Interrupt Control (1/2)
Symbol | Name | Address 7 1 6 | s [ a 3 [ 2 [ 1 T o
INTerrupt INTAD INTO
INTE- Enable 70H JIADC IADM2 IADM1 IADMO 10C ioM2  : 10M1 10MO
0AD (Prohibit RAW W R/W W
0&A/D n
RMW) 0 0 : 0 0 0 0 : 0 0
INT5 INT4
| - -
INTESS E':;‘:;;“pt 71H I5C 15M2 I5M1 I5MO 1ac 14v2__ L 1aM1 14M0
s (Prohibit | R/W w RIW W
RMIW) 0 0 : 0 0 0 0 H 0 0
INT?7 INT6
NT t - -
NTES7 Lnaf;l'e“p 72H I7c M2 7M1 M0 16C 6M2_ . 16M1 16M0
6/7 (Prohibit RAW W R/W W
RMW) 0 0 0 0 0 0 0 0
INTerrupt INTT1 (T|mer 1) INTTO (Tlmer 0)
73H IT1C IT1M2 IT1TM1 ITIMO iTOC ITOM2 ITOM1 {TOMO
INTET10|Enable L
Timer 1/0 (Prohibit RW W RIW w
RMW) 0 0 0 : 0 0 0 0 : [
INTerrupt INTT3 (Timer 3/PWM1) INTT2 (Timer 2/PWMO)
INTE- Enablep 74H IPWIC 1 IPWIM2 | IPWIM1 : IPWIMO | IPWOC : IPWOM2 : IPWOM1 : IPWOMO
PWIO | o0 | (Prohibit | RW w RW G W
RMW) 0 0 0 0 Q 0 0 0
INTerrupt INTTRS (TREG5) INTTR4 (TREG4)
INTET54 | Enable P 75H ITS5C IT5M2 ITSM1 IT5MO 1T4C IT4M2 1T4M1 ITAMO
Treq 5/ (Prohibit R/W w R/W wW
i RMW) 0 oo 0 0 0o o 0
INTerrupt INTTR7 (TREG7) INTTR6 (TREGG)
P 76H IT7C IT7M2 P IT7MI IT7MO 1IT6C IT6M2 IT6M 1 IT6MO
INTET76 | Enable o
Treq 7/6 (Prohibit RW W RIW W
9 RMW) 0 0 0 0 0 0 0
INTerrupt INTTXO0 INTRXO
INTESO Enablep 77H ITX0C ITXOM2  ITXOM1 ITXOMO IRX0C IRX0M2 IRXOM 1 IRX0MO
Serial 0 (Prohibit R/W W R/W W
RMWV) 0 0 : 0 0 0 0 : 0 0
INTerrupt INTTX1 INTRX1
INTES 1 Enablep 78H ITX1C © ITXIM2 © ITXIMAI ITX1MO JRX1C  © IRX1M2 § IRX1M1 IRXTMO
serial 1 (Prohibit R/W w R/W W
RMIW) 0 : 0 0 0 0 : 0 0 0
{ 1 | 1 11
1 I I
I
|—> 1xxM2 IxxMI1 1xxM0O Function (Write)
0 0 0 Prohibit interrupt request.
0 0 1 Setinterrupt request level to “1”.
0 1 0 Setinterrupt request level to "2”.
0 1 1 Setinterrupt request level to “3".
1 0 0 Setinterrupt request level to "4".
1 0 1 Setinterrupt request level to "5”.
1 1 0 Setinterrupt request level to "6”.
1 1 1 Prohibit interrupt request.
L IxxC Function (Read) Function (Write)
0 Indicate no interrupt request. Clear interrupt request flag.
1 Indicate interruptrequest. | ----- Don'tcare-----
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Interrupt Control (2/2)
symbol | Name | Address | s a | 3 | 2 T 1 1 o
DMA 0 : #DMAQ start vector
DMAOV |request 7CH DMAOV8 : DMAOV7 | DMAOV6 : DMAOV5 : DMAOV4
Vector (Prohibit - W -
RMW) 0 0 : 0 : 0 0
DMA 1 _ #DMA T start vector, _
DMA1V |request 7D’f“ DMA1V8 : DMA1V7 : DMA1V6 : DMA1V5 : DMA1V4
Vector (Prohibit W
RMW) 0 0 : 0 ; 0 0
DMA 2 _ #DMA?2 start vector i
DMA2V |request 7E"" DMA2V8 : DMA2V7 : DMA2V6 : DMA2V5 . DMA2v4
Vector (Prohibit W '
RMW) 0 0 H 0 H 0 Q
DMA3 i /IDMA3 start vector i
DMA3V [request 7FH DMA3V8 : DMA3V7 : DMA3V6 : DMA3V5 | DMA3V4
Vector (Prohibit ‘ W '
RMW) [ 0 : 0 : 0 0
101E I0LE NMIREE
w : W W
Interrupt 0 0 : 0
input §1: ?NTO ;0: INTO i1: Operate
mc Mode 7BH ¢ input edge g\?t
Contorol enable mode NMl rise
:1: INTO edge
(Prohibit i level
RMW) mode
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(9) Chip Select/Wait Controller

Symbol Name Address 7 6 5 4 3 2 1 Q
BOE BOSYS BOCAS BOBUS BOW1 BOWO BOC1 BOCO
Block 0 W W W W W w W W
CSAWAIT 0 0 0 0 0 0 0 0
BOCS control 68H 1 1: 0_ 0: 16bit 00: 2WAIT 00: 7FOOH~T7FFFH
register o cs SYSTEM [$1) Bu.s 01: TWAIT 01: 400000H~
(Prohibit Enable only 1: 1: 8bit 10: TWAIT +n 10: 800000H~
RMW) CASO Bus 11: OWAIT 11: CO0000H~
B1E BiSYS B1CAS B1BUS B1W1 B1WO B1C1 B1C0
Block 1 W W W W W w W w
CSIWAIT 0 0 0 0 0 0 0 0
B1CS control 69H 1: 1: 0_ 0: 16bit 00: 2WAIT 00: 480H~7FFFH (Note3)
. cs SYSTEM (Y] Bus 01: 1\WAIT 01: 400000H~
register - ;
(Prohibit Enable only 1: 1: 8bit 10: TWAIT +n 10: 800000H~
RMW) CAST Bus 11: OWAIT 11: CO0000H~
B2E B2SYS B2CAS B2BUS B2W1 B2WO B2C1 B2CO
Block 2 W W W W W W W \i2
CSAWAIT 1 0 0 0 0 0 0 0
B2CS control 6AH 1: 1: 0_ 0: 16bit 00: 2WAIT 00: 8000H~
register cs SYSTEM Cs2 Bus 01: TWAIT 01: 400000H~
(Prohibit Enable only 1: 1: 8bit 10: T\WAIT +n 10: 800000H~
RMW) CAS2 Bus 11: OWAIT 11: COO000H~

Note 1: After reset, only “Block 2” is set to enable.

— After reset, the program starts in 16-bit data bus, 2-wait state.
Note 2 : These registers can be accessedj
Note 3 : TMP96C041A for internal RAM less is 80H~7FFFH.
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6. PORT SECTION EQUIVALENT CIRCUIT DIAGRAM
® Reading The Circuit Diagram

Basically, the gate symbols written are the same as those used for the standard
CMOS logic IC [74HCXX] series.
The dedicated signal is described below.

STOP : This signal becomes active “1” when the halt mode setting register is
set to the STOP mode and the CPU executes the HALT instruction.
When the drive enable bit [DRIVE] is set to “1”, however, STOP
remains at “0”.

o The input protection resistans ranges from several tens of ohms to several hundreds
of ohms.

W PO (ADO~AD7), P1(AD8~15, A8~15), P2(A16~23, A0~7)

VCC
Output Data |B- P-ch
Output Enable 1 < N-ch
STOP
Input Data Wy T D 110
L P>ol<« N<ch | Programmable
| } PullDown
H | Resistance
Input Enable bommmmmmme- ;3-0_2;9 (only PORT2)
B P30(RD), P31(WR)
VCC

Output Data

ouTt
STOP
-
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W P32~37, P40~41, P6, P7, PB0~86, P91~92, P94~95

VCC
Qutput Data
Pmmmmmmmomne , Programmable
i VCC 1 pull’Up
Output Enable ) < o I Resistance
STOP 1 |
| ISNEPRNESER P —— d
Input Data Wy ) D 110
Input Enable
W P42 (C52, TAS2)
VCC
Output Data
] Dok
Output Enable
SToP =d__)—
Input Data [N R SR [:l o
] | Programmable
! 1 Pull Down
! ! Resistance
]

Input Enable t-_____ZZ7 __J

B P5 (ANO~3)
Analog input ‘_—IDO—]
channel select
Analog input ' [ ] input
L 7T

Input Data

Input Enable
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B P87 (INTO)
VCC
Output Data
Output Enable -
S - Programmable
STOP : VEG pullUp
: o E Resistance
Input Data *——fj*@——‘WV* e - Jwo
Schmitt
W P90 (TXDO0), P93 (TXD1)
vCC
Output Data i
Open Drain
Enable :}D"'—l* T YT - Programmable
STOP 1 VCC. Pull‘Up
> i Resistance
N =" wo

Input Data <————————o<]——°G__‘ W

Input Enable
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H NMI
NMI O@ Wy D Input
Schmitt
Bl WDTOUT
WDTOUT [>o—1]> — ] out
M CLK
VCC VvCC
; P-ch
internal CLK ’—D"‘_'I 1
ouT
STOP -
N-ch
internal reset [>o
Test circuit
M EA, AMS/16
ﬁ‘v"v E] Input
MW ALE
VCC
—] B P-ch
internal ALE ————{>o— out
——{ < N-ch
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M RESET
100k VCC
typ,\
reset 0@—’\/\/\/ ¢ ] Input
Schmitt
WDTOUT
reset enable
W X1, X2
v clock
pommooo_Oscillator ? e
E [ ;L WA~ —{x2
1
i P-ch N-ch 1
STOP —>——s ~ :
! i
1 v ¥
E E M 4[] X1
B VREF, AGND
D VREF
1 Ladder
' Resistance
A/D Converter D
eND —{ ] AGN
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7.
(M

@)

Care Points and Restriction
Special Expression

® Explanation of a built-in I/O register : Register Symbol <Bit Symbol>
ex) TRUN<TORUNZ> - Bit TORUN of Register TRUN

@ Read, Modify and Write Instruction

An instruction which CPU executes following by one instruction.
1. CPU reads data of the memory.

2. CPU modifies the data.

3. CPU writes the data to the same memory.

ex1) SET 3,(TRUN) --- set bit3 of TRUN

ex2) INC 1,(100H) -- increment the data of 100H

® The representative Read, Modify and Write Instruction in the TLCS-900

SET imm,mem |, RES imm, mem

CHG imm,mem , TSET imm, mem

INC imm,mem |, DEC imm, mem

RLD A, mem , ADD imm,reg
@ 1state

1 cycle clock divided by 2 oscillation frequency is called 1 state.
ex) The case of oscillation frequency is 20MHz

Care Points
® EA, pin
Fix these pins Vo or GND unless changing voltage.
@ Warmingup Counter
The warmingup counter operates when the STOP mode is released even the system
which is used an external oscillator. As a result, it takes warming up time from
inputting the releasing request to outputting the system clock.

@ High Speed,DMA (DRAM refresh mode)
When the Bus is released (BUSAK= “0”) for waiting to accept the interrupt,
DRAM refresh is not performed because of the high-speed xDMA is generated by an
interrupt.

@ Programmable Pull Up/Down Resistance
The programmable pull up/down resistors can be selected ON/OFF by program
when they are used as the input ports. The case of they are used as the output ports,
they can not be selected ON/OFF by program.
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® Bus Releasing Function
Refer to the “Note about the Bus Release” in 3.5 Functions of Ports because the pin
state when the bus is released is written.

® WatchDog Timer
When the bus is released, both internal memory and internal I/O can not be
accessed. But the internal I/O continues to operate. So, the watch dog timer
continues to run. Therefore, be care about the bus releasing time and set the
detection timer of watch dog timer.

@ WatchDog Timer .
The watch dog timer starts operation immediately after the reset is released.
When the watch dog timer is not used, set watch dog timer to disable.

CPU (High Speed .DMA)
Only the “LDC cr, r”, “LDC r, cr” instruction can be used to access the control
register like transfer source address register (DMASn) in the CPU.
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CMOS 16-bit MICROCONTROLLERS

TMP96C141AF

1. OUTLINE AND DEVICE CHARACTERISTICS

TMP96C141AF is high-speed advanced 16-bit microcontrollers developed for
controlling medium to large-scale equipment. The TMP96C141AF has the improved
bus release function and serial interface for TMP96C141F. Otherwise, the devices
function in the same way.

TMP96C141AF is housed in an 80-pin flat package, and is pin-compatible with
TMP96C141F except the P92 (CTS0/SCLKO).

Device characteristics are as follows:

1)

(2)
3)

(4)

(5)
(6)
(N
(8)
9)
(10)
(11)
12)
(13)

(14)

(15)

Original 16-bit CPU

TLCS-90 instruction mnemonic upward compatible.

16M-byte linear address space

General-purpose registers and register bank system

16-bit multiplication / division and bit transfer/arithmetic instructions
High-speed micro DMA : 4 channels (1.6 us/2 bytes @20MHz)
Minimum instruction execution time : 200ns @20MHz

Internal RAM : 1K byte

Internal ROM : None

External memory expansion

® Can be expanded up to16M bytes (for both programs and data).
® Can mix 8- and 16-bit external data buses.

8-bit timers . 2 channels

8-bit PWM timers . 2 channels

16-bit timers : 2 channels
Pattern generators : 4 bits, 2 channels
Serial interface : 2 channels

10-bit A/D converter : 4 channels
Watchdog timer

Chip select/wait controller :3 blocks
Interrupt functions
3 CPU interrupts:-- - SWI instruction, priviledged violation, and Illegal
instruction
14 internal interrupts
6 external interrupts
I/0 ports
47 pins
Standby function : 3 halt modes (RUN, IDLE, STOP)

] 7-level priority can be set.
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-~ VCC (2]
CcPU ~— V$s[3]
(ANO) P50 —1> —
(AN1)} P51 —>{ 10-BIT 4CH XWA WA <— X1
(AN2) P52 —> AD XBC BlC 0SC > x2
(AN3) P53 —>| CONVERTER XDE DIE
VREF —>| XHL HlL
AGND —> XIX . 1X > CLK
XIY Y
Xiz 1z
(TXDO) P90 <7>{ SERIAL /O XSP SP 7
(RXDOQ) P91 =7>|  (CH.0) -« 32bit —> ~<{— RESET
-t
(SCLKO/CTS0) P92 <> s TF] —b ALE
(TXD1) P93 =1>| SERIAL /O
(RXD1) P94 <> " (1)
CLK1) P95
(SCLKT) P95 <> INTERRUPT | <l— fvir
CONTROLLER
EPG 80; Pgo “T7| PATTERN
PG 01) P61 <>
GENERATOR
(PG 02)P62 <= () ) WATCH-DOG | [~ WDTOUT
(PG 03) P63 <> TIVIER
(PG 10) P64 <> PATTERN
(PG 11) P65 <1>| GENERATOR
(PG 12) P66 <> (CH.1)
PORTQ |={>P00~P07
(PG 13) P67 1K3 RAM (ADO~AD7)
Ti0) P70
{Ti0) g Bg_IJVITEH%/Ig)R PORT 1 <> P10~P17
(AD8~AD15/A8~A15)
(TO1) P71<>| 8BIT TIMER

(TIMER 1) PORT2 |« P20~P27
(AO~A7/A16~A23)

(TO2) P72=>| 8BITPWM

(TIMER 2) —1> P30(RD)
> P31(WR)
(TO3) P73~<>| 8BITPWM <> P32(HWR)
(TIMER 3) PORT 3 <> P33(WAIT)
<> P34(BUSRQ)
<> P35(BUSAK)
(INT4/T14) P8O <> <> P36(R/W)
(INT5/TI5) P81 <> 16BIT TIMER <> P37(RAS)
(TO4) P82 <t>| (TIMER4)
(TOS5) P83 =
(INT6/TI6) P84 <t>| 16BIT TIMER
(INT7/TI7) P85 -{>| (TIMERS5) CS/WAIT  [«d>P40(CS0/CASD)
(TO6) P86 -=>| CONTROLLER]«{>P41(CS1/CAST)

(3-BLOCK) |=1>P42(C52/CAS2)

(INTO) P87 <>

Figure1l TMP96C141A Block Diagram
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2. PIN ASSIGNMENT AND FUNCTIONS

The assignment of input / output pins for TMP96C141A, their name and outline
functions are described below.

2.1 Pin Assignment

Figure 2.1 shows pin assignment of TMP96C141AF.

(ANO)P50 73 72 P42(CS2/CAS2)
(AN1)P51 74 71 P41(CS1/CAST)
(AN2)P52 75 70 PA0(CS0/CASO)
(AN3)P53 76 69 P37(RAS)
vee 77 68 P36(R/W)
VREF 78 67 P35(BUSAK)
R =1 i
__']1 JT‘
(PGOO)P60  1—] [ 64 P32(HWR)
(PGoper 2| @ —63 P31(WR)
(PGO2)P62 3—] [+—62 P30(RD)
(PG03)P63  4—] |61 P27(A7/A23)
(PG10)P64 5— ] [F—60 P26(A6/A22)
(PG11)P65 6— | |59 P25(A5/A21)
(PG12)P66  7—| | }—58 P24(A4/A20)
(PG13)P67 88— ] (57 P23(A3/A19)
(TiIo)p70  9—| 56 P22(A2/A18)
(TO1P71 10— 55 P21(A1/A17)
(To2)P72 11— [F—54 P20(A0/A16)
(TO3)P73 12— Top View '}—53 vss
(INT4/T14)P80 13— QFP80 52 P17(AD15/A15)
(INT5/TI5)P81 14— (51 P16(AD14/A14)
(TO4)P82 15— ] }-50 P15(AD13/A13)
(TO5)P83 16— (49 P14(AD12/A12)
(INT6/TI6)P84 17— 48 P13(AD11/A11)
(INT7/T17)P85 18— 47 P12(AD10/A10)
(TO6)P86 19— 46 P11(AD9/A9)
(INTO)P87 20— 45 P10(ADS8/A8)
NMI 21— (44 PO7(AD7)
WDTOUT 22— [ }—43 PO6(AD6)
RESET 23— 42 PO5(ADS5)
CLK 24—] [}—41 P04(AD4)

VSS 25——|:|J I l LI—1—40 PO3(AD3)
X1 26 39 P02(AD2)

X2 27 38 PO1§AD1;
EA 28 37 POO(ADO
(TXDO)P90 29 36 VCC
(RXD0O)P91 30 35 ALE
(SCLKO/CTSO0)P92 31 34 P95(SCLK1)
(TXD1)P93 32 33 P94(RXD1)

Note : Because the TMP96C141A has an external ROM, P00 to P17 pins are fixed to
ADO to AD15; P30 to RD; and P31 to WR.

Figure 2.1 Pin Assignment (80-pin QFP)
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2.2 Pin Names and Functions

The names of input/output pins and their functions are described below.
Table 2.2 Pin Names and Functions.

Pin name "{,‘#”gﬁg’ 110 ‘Functions

P00~P07 8 I/O | Port0: I/O portthat allows I/O to be selected on a bit basis

ADO~AD7 Tri-state | Address/data (lower): 0 -7 for address/data bus

P10~P17 8 I/O | Port1: /O portthatallows I/O to be selected on a bit basis

AD8~AD15 Tri-state | Addressdata(upper): 8- 15 for address/data bus

AB~A15 Output | Address: 8to 15 for address bus

P20~P27 8 /O | Port2: I/0 portthat allows selection of I/O on a bit basis
(with puli-down resistor)

AO0~A7 Output | Address: 0 -7 for address bus

A16~A23 Output | Address: 16 -23 for address bus

P30 1 Output | Port30: Output port

RD Output | Read: Strobesignal for reading external memory

E 1 Output | Port31: Output port

WR Output | Write: Strobe signal for writing data on pins ADO -7

P32 1 I/O | Port32: 1/O port (with pull-up resistor)

HWR Output | High write: Strobe signal for writing data on pins AD8 - 15

P33 1 /0 | Port33: I/O port (with pull-up resistor)

WAIT Input | Wait: Pin used to request CPU bus wait

P34 1 I/0 | Port34: 1/0 port (with pull-up resistor)

BUSRQ Input | Busrequest: Signal used to request high impedance for ADO - 15,
AD - 23, RD, WR,HWR, R/W, RAS, CS0, CS1, and CS2 pins.
(For external DMAC)

P35 1 /0 | Port35: I/O port (with pull-up resistor) -

BUSAK Output | Busacknowledge: Signalindicating that ADO-15, A0-23,RD,
WR,HWR, RW, RAS, CS0, CS1, and C52 pins are at high impedance
after receiving BUSRQ. (For external DMAC) .

P36 1 © 1/O | Port36: I/O port (with pull-up resistor)

R/W Output | Read/write: 1representsread or dummy cycle; 0, write cycle.

P37 1 /0 | Port37: /O port (with pull-up resistor)

RAS Output | Row address strobe: Outputs RAS strobe for DRAM.

P40 1 /0 | Port40: 1/O port (with pull-up resistor)

CS0 Output | Chipselect 0: Outputs 0 when address is within specified address

: area.

CASO Output | Column address strobe 0: Outputs CAS strobe for DRAM when

address is within specified address area.

Note: With the external DMA controller, this device's built-in memory or built-in I/O cannot be
accessed using the BUSRQ and BUSAK pins.
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Pin name l\g%r&l%esr 110 Functions
P41 1 /0 | Port41: I/O port (with pull-up resistor)
CSt Output | Chipselect 1: Outputs 0 if address is within specified address area.
CAS1 Output | Column addressstrobe 1: Outputs CAS strobe for DRAM if address
is within specified address area.
ﬁ 1 1/0 | Port42: 1/O port (with pull-down resistor) (Note1)
CS2 Output | Chipselect2: Outputs 0 if address is within specified address area.
CAS2 Output | Column address strobe 2: Outputs CAS strobe for DRAM if address
is within specified address area.
P50~P53 4 Input | Port5: Input port
ANO~AN3 Input | Analoginput: Inputto A/D converter
VREF 1 Input | Pin for reference voltage input to A/D converter
AGND 1 Input | Ground pin for A/D converter
P60~P63 4 I/0 | Ports60-63: 1/O ports that allow selection of I/O on a bit basis
(with pull-up resistor)
PG0O0~PGO3 Output | Pattern generator ports: 00-03
P64~P67 4 I/0 } Ports64-67: 1/0 ports that allow selection of I/0 on a bit basis
(with pull-up resistor)
PG10~PG13 Output | Pattern generator ports: 10-13
P70 1 I/0 | Port70: I/O port (with pull-up resistor)
TIO Input | TimerinputO: TimerOinput
P71 1 /0 | Port71: i/O port (with pull-up resistor)
TO1 Output | Timer output 1: Timer 0 or 1 output
P72 1 /O | Port72: I/0 port (with pull-up resistor)
TO2 Output | PWM output 2: 8-bit PWM timer 2 output
P73 1 1/0 | Port73: 1/0 port (with pull-up resistor)
TO3 Output | PWM output 3: 8-bit PWM timer 3 output
P80 1 1/0 | Port 80: I/0 port (with pull-up resistor)
Ti4 Input | Timerinput4: Timer 4 count/capture trigger signal input
INT4 Input | Interrupt request pin 4: Interrupt request pin with programmable
rising/falling edge
P81 1 /0 | Port81: I/O port (with pull-up resistor)
TI5 Input | Timerinput5: Timer 4 count/capture triggersignal input
INTS Input | Interruptrequest pin 5: Interrupt request pin with rising edge
P82 1 /0 | Port82: I/O port (with pull-up resistor)
TO4 Output | Timer output4: Timer 4 output pin
P83 1 I/0 | Port83: I/O port (with pull-up resistor)
TO5 Output | Timer output5: Timer 4 output pin
Note 1 Case of the settable CS2 or CAS2; when TMP96C141AF is bus release, this pin is not added

the internal puli-down resistor but is added the internal puli-up resistor.
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Pin name “é‘#"g#{if 110 Functions

P84 1 /O | Port84: 1/0 port (with pull-up resistor)

TI6 Input | Timerinput6: Timer 5 count/capture trigger signal input

INT6 Input | Interrupt request pin 6: Interrupt request pin with
programmable rising/falling edge

P85 1 1/0 | Port85: I/0 port (with pull-up resistor)

TI7 Input | Timerinput7: Timer 5 count/capture trigger signal input

INT7 Input | Interrupt request pin 7: Interrupt request pin with rising edge

P86 1 I/0 | Port86: I/O port (with pull-up resistor)

TO6 Qutput | Timeroutput6: Timer 5 output pin

P87 1 /0 | Port87: I/O port {with pull-up resistor)

INTO Input | Interrupt request pin 0: Interrupt request pin with
programmable level/rising edge

P90 1 1/0 | Port90: I/O port (with pull-up resistor)

TXDO Output | Serial send data 0

P91 1 /0 | Port91: 1/O port (with pull-up resistor)

RXDO Input | Serial receive data 0

P92 1 /0 | Port92: I/O port (with pull-up resistor)

CTSO Input | Serial data send enable 0 (Clear to Send)

SCLKO 110 | Serial clock I/00

P93 1 1/0 | Port93: I/0 port (with pull-up resistor)

TXD1 Output | Serialsend data 1

P94 1 1/0 | Port94: I/O port (with pull-up resistor)

RXD1 Input | Serial receive data 1

P95 1 1/0 | Port95: 1/0O port (with pull-up resistor)

SCLK1 /0 | Serial clock I/0 1

WDTOUT 1 Output | Watchdog timer output pin

NMI 1 Input | Non-maskable interrupt request pin: Interrupt request pin with
falling edge. Can also be operated at rising edge by program.

CLK 1 Output | Clock output: Outputs [ X1+4] clock. Pulled-up during reset.

EA 1 Input | External access: 0should be inputted with TMP96C141A.

ALE 1 Output | Address latch enable

RESET 1 Input | Reset: Initializes LSI. (With pull-up resistor)

X1/X2 2 /0 | Oscillator connecting pin

vcC 2 Power supply pin (+5V)

VSS 3 GND pin (0V)

Note : Pull-up/pull-down resistor can be released from the pin by software (except the RESET pin).
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3.

3.1

3.2

(1

o)

OPERATION

This section describes the functions and basic operations of TMP96C141A device.
Check the [7. Care Points and Restriction of TMP96C141 | because of the Care
described. Regarding the function of TMP96C141A (not described), see the part of
TMP96C141.

CPU

TMP96C141A device has a built-in high-performance 16-bit CPU (900-CPU). (For
CPU operation, see TLCS-900 CPU in the previous section.)

Memory Map

TMP96C141A has two register modes. One is a minimum mode; in this mode, the
area of program memory is 64K bytes maximum. The other is a maximum mode; in this
mode, The area of program memory is 16 M bytes maximum.

Both minimum and maximum modes are the data memory area of 16M bytes
maximum.

That is, the program memory can locate OH~FFFFH in minimum mode and can
locate 0H ~ FFFFFFH in maximum mode.

Internal RAM

TMP96C141A has the RAM of 1K bytes. This RAM is located to 80H~47FH. The
CPU can access the part of RAM (80H~FFH) with using the short instruction code of
direct addressing mode.

Internal I/O devices

TMP96C141A uses the address space of 128 bytes for the internal I/O devices area.
This area is located to OH~7FH.

The CPU can access the internal I/O devices area with using the short instruction
code of direct addressing mode.

Check the access area of each addressing mode and the memory map in Fig. 3.2.
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Memory Map
Figure 3.2 is a memory map of the TMP96C141A.

000000H ¢
000080H Direct area (n)
000100H
000480H
64K-byte area
008000H | Interruptentry area (nn)
(32entries x 16 byte)
008200H
010000H
16M-byte area
External rgemory gR)R)
16M- _
( yte) (R
(R +R8/16)
(R +d8/16)
(nnn)
FFFFFFH

Internal area) .

Note: The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the
system mode side to 100H.

Figure3.2 Memory map

MCU900-198



TOSHIBA TMP96C141A

3.3 Busrelease function

TMP96C141A has the internal pull-up and pull-down resistors to fix the bus control
singnals at bus release.
Show the table 3.3 of pin condition at bus release (BUSAK =0).

Table 3.3 The condition of pins at the bus release (BUSAK ="L")

. the status of pins at bus release
pin name
port mode function mode
P0O0-PO7
(ADQ-AD7) the status is no-change. . iy u
P10-P17 (these pins are not “Hz".) these pins are “Hz".
(AD8-15/A8-15) .

these pins are “Hz".

E;? E\}}TDR?) I(e’\l;lezl) status after these pins drived high
The output buffer is “OFF" after these
TR pinsdrived high. i
g§§ E%Vg})?) These pins are added the internal resistor
of pull-up. It's no relation for the value
of output latch.
P36 (R/W,

)
P40 (CS0/CASO)
P41 (CST/CAST)

P42 (CS2/CAS2)

P20-P27
(A16-23)

the difference with TMP96C141

Thatis, when itis used for bus release (BUSAK = 0), the pins of below need pull-up or pull-
down resistor for an external circuit.
P00-PO7 (ADO-AD7)
P10-P17 (AD8-AD15)
P30 (RD)
P31 (WR)
(*) P42 has the resistor of programmable pull-down, but when the bus are released, P42
pin is added a resistor of pull-up.
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Case of the bus release function; show a sample of external bus interface in the

Fig.3.3 (1).

When the bus is released, both internal memory and internal I/O can not be accessed.
But the internal I/O continues to run. So, the watchdog timer also continues to run.
Therefore, be care about bus releasing time and set the detection time of WDT.

TMP96C041AF

Vee

P00-PO7
(ADQ-7)

P10-P17
(AD8-15)

(Internal P20-p27
pull-down) (A16-23)

P30 (RD)
P31 (WR)

P32 (HWR)
P36 (R/W)
(Internal pull-up) P37 (RAS)
P40 (CS0)
P41 (CS1)
P42 (CS2)

J

Vce

% > Address/Data bus (ADO-15)

—

> Higher address bus (A16-23)

System control bus

Fig.3.3(1) Example of the interface circuit (The case of using bus releasing function)

3.4 Serial function

TMP96C141A has two Serial I/O devices. Both channel 0 and channel 1 are same
function except the handshake (CTSO pin) function of the channel 0 and can use I/O

interface mode.

Show the part of TMP96C141 in detail.
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4. ELECTRICAL CHARACTERISTICS (PRELIMINARY)
4.1 Absolute Maximum (TMP96C141AF)

Symbol Parameter Rating Unit
Vcc Power Supply Voltage -0.5~6.5
VIN Input Voltage -0.5~Vcc+0.5
>10L Output Current (total) 100 mA
S 10H Output Current (total) -100 mA
PD Power Dissipation (Ta=85TC) 500 mwW
T SOLDER Soldering Temperature (10s) 260 T
TSTG Storage Temperature -65~150
TOPR Operating Temperature - 40~85 T

4.2 DC Characteristics (TMP96C141AF)
Vee=5V+10%, TA= -40~85C (4~16MHz) TA= -20~70TC (4~20MHz)
(Typical values are for Ta=25C and Vcc=5V)

Symbol Parameter Min Max Unit Test Condition
ViL Input Low Voltage (ADO ~15) | —0.3 0.8 \)
ViL1 P2,P3,P4,P5,P6,P7,P8, P9 —-0.3 0.3Vcc \
ViL2 RESET,NMI,INTO(P87) -0.3 0.25Vcc Vv
ViL3 EA —-0.3 0.3 \
VIL4 X1 -0.3 0.2Vcc \
VIH Input High Voltage (ADO - 15) |2.2 Vee+0.3 \
VIH1 P2, P3, P4, P5, P6, P7, P8, P9 0.7Vcc Vee+0.3 Vv
VIH2 RESET, NMI, INTO (P87) 0.75Vcc Vee+0.3 Vv
VIH3 EA Vec-0.3 Vee +0.3 \
VIH4 X1 0.8Vcc Vec+0.3 \Y

Darlington Drive Current

(8 Output Pins max.)
i Input Leakage Current | TBD(Typ) | %5
ILO Output Leakage Current TBD (Typ) |10
e Operating Current (RUN) TBD (Typ) |TBD
IDLE TBD (Typ) |10
STOP (Ta= - 20~70C) TBD (Typ) |50 2A |0.2=Vins Ve -0.2
STOP (Ta=0~507C) 10 #A 10.2=VinsVee~-0.2
VSTOP |Power Down Voltage (20 | 60 V | Vil2=02Vc,
(@STOP, RAM Back up) VIH2 =0.8Vcc
RRST |RESET Pull Up Register |50 150 T ko | T
cio Piﬁvéépacitance """"""""""""""" 07777 pF |tosc=1MHz
| s Gal sas el T
RESET, NMI, INTO (P87)
RK putl Down/Up Register | 50 150 kQ

Note : I-DAR is guaranteed for a total of up to 8 ports.
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4.3 ACElectrical Characteristics (TMP96C141AF)
Vee=5V+10%, TA = —40~85C (4~16MHz) TA = -20~70C (4~20MHz)

No. [Symbol Parameter - Variavle ?GMHZ ?OMHZ Unit
Min Max Min | Max [ Min | Max

1{ tosc | Osc. Period (=x) 50 250 62.5 50 ns

2| tak | CLK width 2x — 40 85 60 ns

3| tak AQ-23 Valid— CLK Hold 0.5x - 20 11 5 ns

41 tka CLK Valid— A0-23 Hold 1.5x~70 24 5 ns

5] taL A0-15 Valid— ALE fall 0.5x-15 16 10 ns

6] tia ALE fall—> A0-15 Hold 0.5x~-15 16 10 ns

7| tu ALE High width x —40 23 10 ns

8| tic | ALE fall-> RD/WR fall 0.5x-30 1 -5 ns

9| tc. | RDAWR rise— ALE rise 0.5x-20 11 5 ns
10| tacL | A0-15 Valid— RD/WR fall x =25 38 25 ns
11| tacH | A0-23 Valid— RD/WR fall 1.5x =50 44 25 ns
12| tca | RDAWR rise— A0-23 Hold 0.5x-20 11 5 ns
13| tapL [A0-15 Valid— D0-15 input 3.0x-45 143 105 | ns
14| tapH | A0-23 Valid—> D0-15 input 3.5x-65 154 110 | ns
15| trp__|RDfall > D0-15input 2.0x-50 75 50 | ns
16| trR RD Low  width 2.0x-40 -85 60 ns
17| tyr | RDrise— D0-15 Hold 0 0 0 ns
18| trag | RDrise— AO-150utput x-15 48 35 ns
19] tww |WRLow width 2.0x-40 85 60 ns
20| tpw | DO0-15 Valid— WR rise 2.0x-50 75 50 ns
21| twp_ | WRrise =D0-15 Hold 0.5x =10 21 15 ns
22| taen | A0-23 Valid—> WAIT input ((\WAT 3.5x-90 129 85 | ns
23| tawL |AD-15Valid— WAIT input (WAIT - 3.0x-80 108 70 { ns
24| tcw | RD/WR fall>WAIT Hold WA de )| 2.0x+0 125 100 ns
25| tapy | A0-23 Valid— PORT input 2.5x-120 36 51 ns
26| tapH2 | A0-23 Valid— PORT Hold 2.5x+ 50 206 175 ns
27| tcp | WRrise— PORT Valid 200 200 200 | ns
28| tasrH | A0-23 Valid— RAS fall 1.0x-40 23 10 ns
29| tasre | AO-15 Valid— RAS fall 0.5x ~ 15 16 10 ns
30| trac_ |RAS fall> D0-15 input 2.5x-70 86 55 | ns
31| tran_| RAS fall-> AD-15 Hold 0.5x~ 15 16 10 ns
32| tras |RAS Low  width 2.0x - 40 85 60 ns
33| trp mHigh width 2.0x-40 85 60 ns
34trsy | CAS fall> RAS rise 1.0x-35 28 15 ns
35 ftrsc RAS rise— CAS rise 0.5x - 25 6 0 ns
36 treD RAS fall— CAS fall 1.0x — 40 23 10 ns
37 lteac CAS fall> D0-15 input 1.5x - 65 29 10 | ns
38ltcas CAS Low width 1.5x - 30 64 40 ns
39itps D0-15 Valid— CAS fall 0.5x~ 15 16 10 ns
AC Measuring Conditions

® Outputlevel : High2.2V /Low 0.8V ,CL50pF

(However CL = 100pF for ADO~AD15, ADO~AD23, ALE, RD, WR, HWR, RW, CLK, RAS, CASO~CAS2)
® InputLevel : High2.4v  /Low 0.45V (ADO~AD15)
High 0.8Vce /Low 0.2Vce (Except for ADO~AD15)
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(1) Read Cycle

X1

i telk—. |
ax T jx{;

~tak > : ——ta ;

N

Port Input —}—-—-—--%'T/ipﬂ'z‘“"“gu —‘}"““"‘2"‘

| e—tasRH—] . 4 tpp—|
. ; 4 : tRSH T e :
RAS ; ; -/

<tRAH™> JL
~tRCDTNtCAC o - 5
tADH <tcA—|

Ny

7
\l

taCL : :
Lt > A z tHR

ADO~15

ALE
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(2) Write Cycle

X1

A0~23

3

RAS

W |

—tpw

ADO~15 -E;--——-L A%0~15 >< DO~15§

ALE
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4.4 A/D Conversion Characteristics (TMP96C141AF)
Vee =5V +10%, TA= — 40~85C (4~16MHz) TA= — 20~70°C (4~20MHz)

Symbol Parameter Min Typ Max Unit
VRer Analog reference voltage Vee-1.5 Vee
AGND Analog reference voltage Vss Vss \
Vain Analog input voltage range Vss Vce
IREF Anlog current for analog reference voltage TBD 1.5 mA
Total error 45 = 16MHz Low change mode TBD +4.0
(Quantize error High change mode T8D +6.0 LB
of +0.5LSB not Low change mode TBD +4.0
included) 16<fc=20MHz -
High change mode TBD +8.0
4.5 Serial Channel Timing - I/O Interface Mode
(1) SCLK Input Mode Vcc=5V + 10%, TA= - 40~85C (4~16MHz) TA= -~20~70C (4~20MHz)
[Symbol Parameter - Variable '1 6Nz _ZOMHZ Unit
Min Max Min | Max | Min | Max
tscy SCLK cycle 16X 1 0.8 uS
toss Output Data — Rising edge of SCLK tscy /2 — 5X ~ 50 137 100 ns
tons | SCLK rising edge— Output Data hold 5X - 100 212 150 ns
thsr | SCLK rising edge— Input Data hold 0 0 0 ns
tsrp | SCLK rising edge— effective datainput ltscy — 5X— 100 587 450 ns
(2) SCLK OQutput Mode Vee=5V £10%, TA= - 40~85C (4~16MHz) TA= —20~70C (4~20MHz)
Symbol Parameter - Variable '16MHZ ?OMHZ Unit
Min Max Min | Max | Min | Max
tscy SCLK cycle (programmable) 16X 8192X 1 512 0.8 [409.6 [ ps
toss Output Data — SCLK rising edge tscy —2X - 150 725 550 ns
tons | SCLK rising edge— Output Data hold - 2X - 80 45 20 ns
tusr | SCLK rising edge— Input Data hold 0 0 0 ns
tsgp | SCLK rising edge— effective data input ltscy — 2X — 150 725 550 ns

4.6 Timer/Counter Input Clock (TI0, T4, Ti5, TI6, T17)
Vee=5V £ 10%, TA= - 40~85C (4~16MHz) TA= —20~70C (4~20MHz)

Variable 16MHz 20MHz )
Symbol Parameter - - Unit
Min Max Min Max Min Max
tvek Clock Cycie 8X + 100 600 500 ns
tvckL | Low level clock Pulse width 4X + 40 290 240 ns
tycky | High level clock Pulse width 4X +40 290 240 ns
47 Interrupt Operation
Vee=5V+10%, TA= —40~85C (4~16MHz) TA= -20~70C (4~20MHz)
Variable 16MHz 20MHz )
[Symbol Parameter - - Unit
Min Max Min Max Min Max
tintaL | NMI, INTO Low level Pulse width 4X 250 200 ns
tintan | NMI INTO High level Pulse width 4X 250 200 ns
tinteL | INT4~INT7 Low level Pulse width 8X + 100 600 500 ns
tnten | INTA~INT7 High level Pulse width 8X + 100 600 500 ns
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4.8 Timing Chart for I/O Interface Mode

687081

UA anva X

X ava X

VA_ anva VA

axy

USHy ‘

X o:«&bA

qusy

X

V.iva LNdNI

A\ o

vivalndino

$SOy

A0S
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4.9 Timing Chart for Bus Request (BUSRQ)/ Bus Acknowledge (BUSAK)
(Note 1)

K KL A X3 X X X

1BRC¢ C
-— LBR: — - tBR
CBAH

‘T

ADO~AD15 19 e S _§:
A16~A23 (S—\ (Note 2) _2/—
______ _()S.___——————____——_— S

—

RD, WR S V Tmmme S S 7
T0-C2, ————— b m e —— -
RAW, RAS S N

CASO~CAS2 S—/ N—

Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min | Max | Min | Max
tgre | BUSRQ set-up time for CLK 120 120 120 ns
tepal | CLK— BUSAK failing edge 1.5x+ 120 245 220 ns
tegan | CLK—BUSAK rising edge 0.5x + 40 71 65 ns
taga | Output Bufferis off to BUSAK i 0 80 0 80 0 80 ns
tgaa BUSAKJ_ to Qutput Bufferison. 0 80 0 80 0 80 ns

(Note 1): The Bus will be released after the WAIT request is inactive, when the
BUSRQ is set to “0” during “Wait” cycle.

(Note 2): The internal programmable pull-down resistor is added.

(Note 3): The internal programmable pull-up resistor is added.
But the CS2/CAS2 pin does not have the internal programmable pull-up
resistor. And in the condition of bus release, this pin is added the internal
pull-up resistor.
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5.TMP96C141/TMP96C141A/TMP96C041A Different points

TMP96C141/TMP96C141A/TMP96C041A have much the same function but they are
different from following points.

Parameter TMP96C141 TMP96C141A TMP96C041A
Interrnal RAM 1K byte 1K byte not exist
Pin condition at bus release TMP96C141 TMPI6C141A TMP96C041A

see Figure 3.5 (1) see Figure 3.3 see Figure 3.3
Mapping area of CS1defult - - -
setting (B1C1/0: 00) 480H~7FFFH 480H~7FFFH 80H~7FFFH

TMP96C141 does not TMP96C141A/TMP96C041A
have the SCLKO have the SCLKO function.
__ function.

P92, CTS0, SCLKO Serial channel 0 Serial channel 0

does not have the have the /O

I/0 interface mode. interface mode.
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CMOS 16-bit MICROCONTROLLERS

TMP96CO041AF

1. OUTLINE AND DEVICE CHARACTERISTICS

TMP96C041AF is high-speed advanced 16-bit microcontrollers developed for
controlling medium to large-scale equipment. The TMP96C041A has the improved bus
release function, serial interface and RAMless for TMP96C141F. Otherwise, the devices
function in the same way.

TMP96C041AF is housed in an 80-pin flat package, and is pin-compatible with
TMP96C141F except the P92 (CTS0/SCLKO).

Device characteristics are as follows:

@

(2)
(3)

4)

(5)
(6)
(")
(8)
9
(10)
(11)
(12)
(13)

(14)

(15)

Original 16-bit CPU

TLCS-90 instruction mnemonic upward compatible.

16M-byte linear address space

General-purpose registers and register bank system

16-bit multiplication / division and bit transfer/arithmetic instructions
High-speed micro DMA : 4 channels (1.6 us/2 bytes @20MHz)
Minimum instruction execution time : 200ns @20MHz

Internal RAM : None

Internal ROM : None

External memory expansion

® Can be expanded up to16M bytes (for both programs and data).
® Can mix 8- and 16-bit external data buses.

8-bit timers : 2 channels

8-bit PWM timers : 2 channels

16-bit timers : 2 channels

Pattern generators : 4 bits, 2 channels

Serial interface : 2 channels

10-bit A/D converter : 4 channels

Watchdog timer

Chip select/wait controller :8 blocks

Interrupt functions

3 CPU interrupts--- - SWI instruction, priviledged violation, and Illegal
instruction

14 internal interrupts
6 external interrupts
1/0 ports

47 pins
Standby function . 3 halt modes (RUN, IDLE, STOP)

] 7-level priority can be set.
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-~ VCC[2
(ANO) PSO —>] PR s
(AN1) P51 —p>{ 10-BIT 4CH XWA| W|A <— X1
(AN2) P52 —>| AD XBC B|C osc > X2
(AN3) P53 —>| CONVERTER XDE D|E |
VREF —p>1 XHL HIL
AGND —p> XIX IX > CLK
Xy 1y
Xiz 1Z
(TXDO) P90 <—‘* SERIAL I/O XSP SP <
(RXDO) P91 <71 (CH.0) < 32bit —» | RESET
D e
(SCLKO/CTSO0) P92 sR[_F] —> ALE
(TXD1) P93 <1>| SERIAL I/O
(RXD1) P94 <> (e 3y
(SCLK1) P95 <> INTERRUPT | <l— R
CONTROLLER
PG 00) P60 <™
(SN PE! <1~/ Grneraron
(PG 02) P62 ~<1>| i —> WDTOUT
(PG 03) P63 <[> (CH.0) WA;r:':VIHEgOG
(PG 10) P64 <> PATTERN
(PG 11) P65 <> GENERATOR
(PG 12) P66 <>  (CH.1)
PORTO  |<f>P00~P07
(PG 13) P67 (ADO~AD7)
(TI0) P70~<t>{ 8BIT TIMER
(TIMER 0) PORT1 |<}»P10~Pi7

(AD8~AD15/A8~A15)

(TO1) P71->| 8BIT TIMER

(TIMER 1) PORT2 [=t>P20~P27
(AO~AT7/A16~A23)

(TO2) P72~t>| 8BIT PWM

(TIMER 2) > P30(RD)
> P31(WR)
(TO3) P73<>{ 8BITPWM <> P32(HWR)
(TIMER 3) PORT3 [<> P33(WAIT)
<> P34(BUSRQ)
<> P35(BUSAK)
(INT4/T14) P8O <> <> P36(RAW)
(INTS/TI5) P81 ~f>| 16BIT TIMER <l 3 (RAS)
(TO4) P82 <f>| (TIMER 4)
(TOS5) P83 <>
(INT6/T16) P84 <<t>| 16BIT TIMER
(INT7/T17) P85 <f>| (TIMER5) CSWAIT |<b> pao(cs0/casD)
(TO6) P86 =1>| CONTROLLER}<{>P41(CS1/CAS1)

(3-BLOCK) |=>P42(CS2/CAS2)

(INTO) P87 <>

Figurel TMP96C041A Block Diagram
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2. PIN ASSIGNMENT AND FUNCTIONS
The assignment of input / output pins for TMP96C041A, their name and outline

functions are described below.

2.1 Pin Assignment

Figure 2.1 shows pin assignment of TMP96C041AF.

(ANO)P50 73 72 PA2(CS2/CAS2)
(AN1)P51 74 71 P41(CS1/CAS1)
(AN2)P52 75 70 PA40(CSO/CASD)
(AN3)P53 76 69 P37(RAS)
vce 77 68 P36(R/W)
VREF 78 67 P35(BUSAK)
AGND 79 66 P34§3USR()))

VSS 80_|—L| rLI—'GS P33(WAIT,
(PGOO)P60  1— ]| 64 P32(HWR)
(PGo1Pe1 2—| @ ]-63 P31(WR)
(PGO2)P62 3—] 62 P30(RD)
(PG03)P63 4—| 61 P27(A7/A23)
(PG10)P64 5—] 60 P26(A6/A22)
(PG11)P65 6—] 1-59 P25(A5/A21)
(PG12)P66  7—] []—58 P24(A4/A20)
(PG13)P67 88— [}—57 P23(A3/A19)

(TIo)p70 99— (156 P22(A2/A18)
(TO1)P71 10— %:55 P21(A1/A17)
(TO2)P72 11— A 54 P20(A0/A16)
(TO3)P73 12—{] Top View 53 Vss
(INT4/T14)P80 13— QFP80 52 P17(AD15/A15)
(INT5/TI5)P81 14— ] 51 P16(AD14/A14)
(TO4)P82 15— }—50 P15(AD13/A13)
(TO5)P83 16— 49 P14(AD12/A12)
(INT6/TI6)P84 17—{] (48 P13(AD11/A11)
(INT7/T17)P85 18— 47 P12(AD10/A10)
(TO6)P86 19— [}—46 P11(AD9/A9)
(INTO)P87 20—{] [ 45 P10(AD8/A8)
NMT 21—{] 744 P07(AD7)
WDTOUT 22— [ }—43 PO6(ADS)
RESET 23— 42 PO5(ADS)

CLK 24 41 P04(AD4)

VSS 25——51—I 40 PO3(AD3)

X1 26 39 P02(AD2)

X2 27 38 PO1(AD1)

EA 28 37 POO(ADO)
(TXDO)P90 29 36 VCC
(RXDO)P91 30 35 ALE

(SCLKO/CTSO0)P92 31 34 P95(SCLK1)
(TXD1)P93 32 33 P94(RXD1)

Note : Because the TMP96C041A has an external ROM, P00 to P17 pins are fixed to

ADO to AD15; P30 to RD; and P31 to WR.

Figure 2.1 “Pin Assignment (80-pin QFP)
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2.2 Pin Names and Functions

The names of input/output pins and their functions are described below.
Table 2.2 Pin Names and Functions.

Pin name “},‘%’3.‘?{2’ 1/0 Functions
P0OC~PO7 8 /O | Port0: 1/0 portthat allows 1/0 to be selected on a bit basis
ADO~AD7 Tri-state | Address/data (lower): 0-7 for address/data bus
P10~P17 8 /O | Port1: I/O portthat allows l/O to be selected on a bit basis
AD8~AD15 Tri-state | Address data (upper): 8- 15 for address/data bus
A8~A15 Output | Address: 8to 15 for address bus
P20~p27 8 /0 | Port2: I/O portthat allows selection of I/0 on a bit basis
(with pull-down resistor)
A0~A7 Output | Address: 0-7 for address bus
A16~A23 Output | Address: 16 - 23 for address bus
P30 1 Output | Port30: Output port
RD Output | Read: Strobe signal for reading external memory
E 1 Output | Port31: Output port
WR Qutput | Write: Strobe signal for writing data on pins ADO -7
P32 1 1/0 | Port32: I/O port (with pull-up resistor)
HWR Output | High write: Strobe signal for writing data on pins AD8 - 15
P33 1 /0 | Port33: I/O port (with pull-up resistor)
WAIT Input | Wait: Pin used to request CPU bus wait
P34 1 1/0 | Port34: I/O port (with pull-up resistor)
BUSRQ Input | Busrequest: Signal used to request high impedance for ADO - 15,

A0 - 23, RD, WR,HWR, RW, RAS, €50, C51, and C52 pins.
(For external DMAC)

P35 1 1/0 | Port 35: /O port (with pull-up resistor)

BUSAK Output | Busacknowledge: Signalindicating that AD0-15, A0-23,RD,
WR,HWR, R/W, RAS, CS0, CS1, and CS2 pins are at high impedance
after receiving BUSRQ. (For external DMAC)

P36 1 1/0 | Port36: /O port (with pull-up resistor) ‘

R/W Output | Read/write: 1representsread or dummy cycle; 0, write cycle.

P37 1 /0 | Port37: I/O port (with pull-up resistor)

RAS Output | Row address strobe: Outputs RAS strobe for DRAM.

P40 1 1/0 | Port40: /O port (with pull-up resistor)

cso Output | Chipselect0: Outputs 0 when address is within specified address
area.

CASO Output | Column address strobe 0: Outputs CAS strobe for DRAM when

address is within specified address area.

Note: With the external DMA controller, this device's built-in memory or built-in /O cannot be
accessed using the BUSRQ and BUSAK pins.
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Pin name ‘%‘#”g%‘;f 170 Functions
Pa1 1 1/0 | Port41: I/O port (with pull-up resistor)
[&] Output | Chipselect 1: Outputs 0 if address is within specified address area.
CAS1 Output | Column address strobe 1: Outputs CAS strobe for DRAM if address
is within specified address area.
E 1 /0 | Port42: /O port (with pull-down resistor) (Note1)
Ccs2 Output | Chipselect 2: Outputs 0 if address is within specified address area.
CAS2 Output | Column address strobe 2: Outputs CAS strobe for DRAM if address
is within specified address area.
P50~P53 4 Input | Port5: Input port
ANO~AN3 Input | Analoginput: Inputto A/D converter
VREF 1 Input | Pin for reference voltage input to A/D converter
AGND 1 Input | Ground pin for A/D converter
P60~P63 4 1/0 | Ports 60 - 63: I/0O ports that allow selection of I/O on a bit basis
(with pull-up resistor)
PGO0~PGO3 Output | Pattern generator ports: 00-03
P64~P67 4 1/0 | Ports64-67: 1/O ports that allow selection of I/O on a bit basis
(with pull-up resistor)
PG10~PG13 Output | Pattern generator ports: 10- 13
P70 1 1/0 | Port70: 1/O port (with pull-up resistor)
TIO Input | Timerinput0: Timer 0 input
P71 1 1/0 | Port71: 1/O port (with pull-up resistor)
TO1 Output | Timeroutput 1: Timer 0 or 1 output
p72 1 1/0 | Port72: 1/O port (with pull-up resistor)
TO2 Output | PWM output 2: 8-bit PWM timer 2 output
P73 1 I/0 | Port73: 1/O port (with pull-up resistor)
TO3 Qutput | PWM output 3: 8-bit PWM timer 3 output
P80 1 /0 | Port80: I/O port (with pull-up resistor)
Ti4 Input | Timerinput4: Timer 4 count/capture triggersignal input
INT4 Input | Interruptrequest pin 4: Interrupt request pin with programmable
rising/falling edge
P81 1 1/0 | Port81: 1/O port (with pull-up resistor)
TIS Input | Timerinput5: Timer 4 count/capture trigger signal input
INTS Input | Interrupt request pin 5: Interrupt request pin with rising edge
P82 1 1/0 | Port 82: 1/O port (with pull-up resistor)
TO4 Output | Timer output4: Timer 4 output pin
P83 1 1/0 | Port83: 1/0 port (with pull-up resistor)
TO5 Output | Timeroutput5: Timer 4 output pin
Note 1 Case of the settable CS2 or CAS2; when TMP96C041AF is bus release, this pin is not added

the internal pull-down resistor but is added the internal pull-up resistor.
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Pin name l\ég#n';mesr 1o} Functions

P84 1 /0 | Port 84: 1/0 port (with pull-up resistor)

Tl6 Input | Timerinput6: Timer 5 count/capture trigger signal input

INT6 Input | Interruptrequest pin 6: Interrupt request pin with
programmable rising/falling edge

P85 1 1/0 | Port85: I/O port (with pull-up resistor)

TI7 Input | Timerinput7: Timer 5 count/capture trigger signal input

INT7 Input | Interruptrequest pin 7: Interrupt request pin with rising edge

P86 1 /0 | Port86: I/0 port (with pull-up resistor)

TO6 Output | Timeroutput6: Timer5 output pin

P87 1 I/0 | Port87: 1/0 port (with pull-up resistor)

INTO Input | Interruptrequest pin 0: Interrupt request pin with
programmable level/rising edge

P90 1 /0 | Port90: I/0 port (with pull-up resistor)

TXDO Output | Serial send data 0

P91 1 I/0 | Port91: I/0 port (with pull-up resistor)

RXDO Input | Serial receive data 0

P92 1 1/0 | Port92: I/0 port (with pull-up resistor)

CTSO Input | Serial data send enable 0 (Clear to Send)

SCLKO Serial clock I/0 0

P93 1 I/0 | Port93: I/0 port (with pull-up resistor)

TXD1 Output | Serial send data 1

P94 1 I/0 | Port94: 1/0 port (with pull-up resistor)

RXD1 Input | Serial receive data 1

P95 1 1/0 | Port95: I/O port (with pull-up resistor)

SCLK1 1/0 | Serial clock I/O 1

WDTOUT 1 Output | Watchdog timer output pin

NMmI 1 Input | Non-maskable interrupt request pin: Interrupt request pin with
falling edge. Can also be operated at rising edge by program.

CLK 1 Output | Clock output: Outputs [ X1 +4] clock. Pulled-up during reset.

EA 1 Input | External access: 0should be inputted with TMP96C041A.

ALE 1 Output | Addresslatch enable

RESET 1 Input | Reset: initializes LSI. (With pull-up resistor)

X1/X2 2 1/0 | Oscillator connecting pin

VCC 2 Power supply pin (+5V)

VSS 3 GND pin (0V)

Note: Pull-up/pull-down resistor can be released from the pin by software (except the RESET pin).
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3.1

3.2

(1

OPERATION

This section describes the functions and basic operations of TMP96C041A device.
Check the [ 7. Care Points and Restriction | because of the Care described.
Regarding the functions of TMP96C041A (not described), see the part of TMP96C141.

CPU

TMP96C041A device has a built-in high-performance 16-bit CPU (900-CPU). (For
CPU operation, see TLCS-900 CPU in the previous section.)

Memory Map

TMP96C041A has two register modes. One is a minimum mode; in this mode, the
area of program memory is 64K bytes maximum. The other is a maximum mode; in this
mode, the area of program memory is 16M bytes maximum.

Both minimum and maximum modes are the data memory area of 16M bytes
maximum.

That is, the program memory can locate OH~FFFFH in minimum mode and can
locate OH ~ FFFFFFH in maximum mode.

Internal I/0 devices

TMP96C041A uses the address space of 128 bytes for the internal I/O devices area.
This area is located to 0OH~7FH.

The CPU can access the internal I/O devices area with using the short instruction
code of direct addressing mode.

Check the access area of each addressing mode and the memory map in Fig. 3.2 (1).
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Memory Map

Figure 3.2 (1) is a memory map of the TMP96C041A.

000000H T
000080H Direct area (n)
oootooH| T
64K-byte area
00800QH | Interruptentry area (nn)
(32entries x 16 byte)
008200H
010000H
16M-byte area
External memory (R)
(16M-byte) (-R)
(R+)
(R +R8/16)
(R +d8/16)
(nnn)
FFFFFFH

Internal area)

Note: The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the
system mode side to 100H.

Figure3.2 (1) Memory map
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(2) CS1 area (Chip select/wait controller)

TMP96CO041A is expanded the part of address area for CS1 (only B1C1.0=%00").
Show the address area of CS1 in Fig 3.2 (2).

000000H

000480H

007FFFH

400000H

800000H

CO0000H

FFFFFFH

TMP96C141

000000H
000080H

B1C1,0="00"
007FFFH
400000H

B1C1,0="01"
800000H

B1C1,0="10"
€00000H

B1C1,0="11"
FFFFFFH

TMP96C041AF-16
[«

B1C1,0="00"

B1C1,0="01"
B1C1,0="10"
B1C1,0="11"

Fig.3.2 (2) CS1 address area
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3.3 Busrelease function

TMP96C041A has the internal pull-up and pull-down resistors to fix the bus control
singnals at bus release.
Show the table 3.3 of pin condition at bus release (BUSAK =0).

Table 3.3 The condition of pins at the bus release (BUSAK = "L")

. the status of pins at bus release
pin name
port mode function mode

P00-PO7

(ADO-AD7) the status is no-change. . wiyon

P10-P17 (these pins are not “Hz") these pinsare “Hz".

(AD8-15/A8-15)

STy these pins are "Hz".

}2;? ES—%)) (“Hz" status after these pins drived high
level)

The output buffer is “OFF” after these
T pins drived high.

Egi E;%vg?) These pins are added the internal resistor
of pull-up. It's no relation for the value
of output latch.

P36 (RAW)

P40 (CSO/CAS0)

P41 (CST/CAST)

P42 (CS2/CAS2)

P20-P27

(A16-23)

the difference with TMP96C141

That s, when it is used for bus release (BUSAK = 0), the pins of below need pull-up or pull-
down resistor for an external circuit.
P00-P0O7 (AD0-AD7)
P10-P17 (AD8-AD15)
P30 (RD)
P31 (WR)
(*) P42 has the resistor of programmable pull-down, but when the bus are released, P42
pin is added a resistor of pull-up.
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Case of the bus release function; show a sample of external bus interface in the
Fig.3.3 (1).
When the bus is released, both internal memory and internal I/O can not be accessed.
But the internal I/O continues to run. So, the watchdog timer also continues to run.
Therefore, be care about bus releasing time and set the detection time of WDT.

Vce
TMP96C041AF

PO0-PO7
(ADO-7)

Ve

% Address/Data bus (AD0-15)
P10-P17
(AD8-15)

(Internal P20-P27 > Higher address bus (A16-23)
pull-down) (A16-23)

Ve

P30 (RD)
P31 (WR)

_ System control bus
P32 (HWR)

P36 (R/W)
(internal pull-up) P37 (RAS)
P40 (CS0)
P41(CS1)
P42 (CS2)

Fig.3.3 (1) Example of the interface circuit (The case of using bus releasing function)

3.4 Serial function

. TMP96C041A has two Serial I/O devices. Both channel 0 and channel 1 are same
function except the handshake (CTSO pin) function of the channel 0 and can use I/O
interface mode.

Show the part of TMP96C141 in detail.

MCUS%00-219



TOSHIBA TMP96C041A

4. ELECTRICAL CHARACTERISTICS (PRELIMINARY)

4.1 Absolute Maximum (TMP96C041AF)

Symbol Parameter Rating Unit

Ve Power Supply Voltage -0.5~6.5 \Y)
VIN Input Voltage -0.5~Vcc+0.5 \
S10L Output Current (total) 100 mA
5 I0H Output Current (total) -100 mA
PD Power Dissipation (Ta=85TC) 500 mw
TSOLDER Soldering Temperature (10 s) 260 T
TSTG Storage Temperature -65~150 T
T OPR Operating Temperature - 40~85 C

4.2 DC Characteristics (TMP96C041AF)
Vee=5V £ 10%, TA= - 40~85C (4~16MHz) TA= -20~70°C (4~20MHz)
(Typical values are for Ta=25C and Vcc=5V)

Symbol Parameter Min Max Unit Test Condition
VIL Input Low Voltage (AD0O - 15) | —0.3 0.8 \
VIL1 P2, P3, P4, P5, P6, P7, P8, P9 -0.3 0.3Vce \Y)
VIL2 RESET,NMI,INTO(P87) -0.3 0.25Vcc \Y
VIL3 EA -0.3 0.3 Vv
ViL4 X1 -0.3 0.2Vec Vv
VIH " input High Voltage (AD0 = 15) | 2.2 Vee+03 | V[T
ViH1 P2, P3, P4, P5, P6, P7, P8, P9 0.7Vcc Vcc+0.3 Vv
VIH2 RESET, NMlI, INTO (P87) 0.75Vcc Vee+0.3 \
VIH3 EA Vec-0.3 Vece+0.3 \
VIH4 X1 0.8Vce Vee+0.3 \Y)
VOL  |Output Low Voltage | 045 vV [ioL=1.6mA
VOH ~|Output High Voitage |24 V |IOH = -400.A
V OH1 0.75Vce V |IOH = - 100%A
V OH2 0.9Vcc V |IOH= -20xA
IDAR ™ |Darlington Drive Current |- 100 -35 mAVEXT=15V
(8 Output Pins max.) R EXT =1.1kQ
'l Inpﬁ'tvaeakAé'ge Current “|TBD (Typ) 5 uA 10.0=Vin=Vcc
ILO Output Leakage Current TBD (Typ) | %10 #A |0.2=Vin=Vcec-0.2
fec Operating Current (RUN) 78D (Typ) |TBD mA |t osc = 20MHz
IDLE TBD(Typ) |10 mA
STOP (Ta= -20~707C) TBD (Typ) |50 A 10.2=Vin=Vcc-0.2
STOP (Ta=0~507C) 10 #A 10.2=Vin=Vcc~-0.2
VSTOP |Power Down Voltage
(@STOP, RAM Back up)
VTH Schmitt Width
RESET, NMI, INTO (P87)
RK | VPuII”bown'/UpvReé'ister """"""""""
Note : I-DAR is guaranteed for a total of up to 8 ports.
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4.3 ACElectrical Characteristics (TMP96C041AF)
Vee=5V+10%, TA = —-40~85C (4~16MHz) TA = -20~70°C (4~20MHz)

No. [Symbol Parameter - Variavie ?GMHZ ?OMHZ Unit
Min Max Min | Max | Min | Max

1{ tosc | Osc. Period (=x) 50 250 62.5 50 ns

2| tck | CLK width 2x-40 85 60 ns

3| tak A0-23 Valid— CLK Hold ‘1 0.5x~20 11 5 ) ns

4] tka CLK Valid— A0-23 Hold 1.5x-70 24 5 ns

5[ taL AO0-15 Valid— ALE fall 0.5x - 15 16 10 ns

6| LA ALE fall- A0-15 Hold 0.5x - 15 16 10 ns

7]t ALE High width x —-40 23 10 ns

8| tic ALE fall-> RD/WR fall 0.5x - 30 1 -5 ns

9| tcL RD/WR rise— ALE rise 0.5x - 20 11 5 ns
10| tacL |A0-15 Valid— RD/WR fall x—25 38 25 ns
11| tacH |A0-23 Valid— RD/WR fall 1.5x ~ 50 44 25 ns
12| tca  |RD/WR rise— A0-23 Hold 0.5x - 20 11 5 ns
13| tapL |AO0-15Valid— D0-15 input 3.0x-45 143 105 | ns
14| tapH |A0-23 Valid— D0-15 input 3.5x-65 154 110 | ns
15| tgp__ |RDfall = D0-15input 2.0x-50 75 50 | ns
16| tgg__ |RD Low  width 2.0x-40 85 60 ns
17| tyr | RDrise—> D0-15 Hold 0 0 0 ns
18| trap | RDrise— AD-150utput x—-15 48 35 ns
19| tww |WRLow width 2.0x - 40 85 60 ns
20| tpw |D0-15Valid— WRrise 2.0x - 50 75 50 ns
21| twp |WRrise -D0-15 Hold 0.5x - 10 21 15 ns
22| tagy | AD-23 Valid—> WAIT input (\WAT ) 3.5x - 90 129 85 | ns
23| tawL |A0-15 Valid—> WAIT input (WAL 0 3.0x-80 108 70 | ns
24| tcw  |RDAWR fall>WAIT Hold (AT )] 2.0x+0 125 100 ns
25| tapq |A0-23 Valid— PORT input 2.5x-120 36 5] ns
26| tapH2 | A0-23 Valid— PORT Hold 2.5x+50 206 175 ns
27| tcp WR rise— PORT Valid 200 200 200 | ns
28| tasry | AD-23 Valid— RAS fall 1.0x-40 23 10 ns
29! tasre | A0-15 Valid— RAS fall 0.5x-15 16 10 ns
30| trac |RAS fall> D0-15 input 2.5x-70 86 55| ns
31| tran | RAS fall> A0-15 Hold 0.5x-15 16 10 ns
32| tgas |RASLow  width 2.0x-40 85 60 ns
33| tgp |RASHigh width 2.0x - 40 85 60 ns
34| tgsy | CAS fall> RASrise 1.0x - 35 28 15 ns
35! trsc | RAS rise—> CASrise 0.5x - 25 6 0 ns
36| trep | RAS fall> CAS fall 1.0x — 40 23 10 ns
37| tcac |CASfall> D0-15input 1.5x - 65 29 10 | ns
38| tcas |CASLow width 1.5x - 30 64 40 ns
39| tps D0-15 Valid-> CAS fall 0.5x - 15 16 10 ns
AC Measuring Conditions

® OQutputlevel : High2.2V /Low0.8V ,CL50pF
(However CL = 100pF for ADO~AD15, ADO~AD23, ALE, RD, WR, HWR, RW, CLK, RAS, CASO~CAS2)
® Input Level : High2.4v  /Low 0.45V (ADO~AD15)

High 0.8Vce /Low 0.2Vee (Except for ADO~AD15)
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(2) Write Cycle

X1

A0~23

Port Output
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tww
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4.4 A/D Conversion Characteristics (TMP96C041AF)
Vec=5V £ 10%, TA= = 40~85C (4~16MHz) TA= —20~70°C (4~20MHz)

Symbol Parameter Min Typ Max Unit
VREF Analog reference voltage Vee- 1.5 Vee
AGND Analog reference voltage Vss Vss \
Vain Analog input voltage range Vss Ve
IRer Anlog current for analog reference voltage TBD 1.5 mA
Total error A=fc= 16MHz Low change mode TBD +4.0
(Quantize error High change mode TBD +6.0 LsB
of £0.5LSB not Low change mode TBD +4.0
included) 16<fc=20MHz -
High change mode TBD +8.0
4.5 Serial Channel Timing - 1/O interface Mode
(1)  SCLK Input Mode Vee=5V +10%, TA= - 40~85C (4~16MHz) TA= -20~70T (4~20MHz)
Symbol Parameter Variable 16MHz 20MHz Unit
Min Max Min | Max | Min | Max
tscy SCLK cycle 16X 1 0.8 173
toss Output Data — Rising edge of SCLK tscy /2~ 5X - 50 137 100 ns
tons | SCLK rising edge— Output Data hold 5X-100 212 150 ns
tusr | SCLK rising edge— Input Data hold 0 0 0 ns
tspp | SCLK rising edge— effective data input ltscy — 5X = 100 587 450 ns
(2)  SCLK Output Mode Vee=5V +£10%, TA= - 40~85C (4~16MHz) TA= —20~70C (4~20MHz)
Symbol Parameter Variable 16MHz 20MHz Unit
Min Max Min { Max | Min | Max
tscy SCLK cycle {programmable) 16X 8192X 1 512 | 0.8 [409.6| us
toss Output Data — SCLK rising edge tscy — 2X - 150 725 550 ns
tous | SCLK rising edge— Output Data hold 2X -80 45 20 ns
thsg | SCLK rising edge— Input Data hold 0 0 0 ns
tsrp | SCLK rising edge— effective data input [tscy — 2X - 150 725 550 ns
4.6 Timer/Counter Input Clock (TI0, T!4, TIS, Ti6, TI7)
Vee=5V £ 10%, TA= - 40~85C (4~16MHz) TA= —20~70C (4~20MHz)
Symbol Parameter Variable 16MHz 20MHz Unit
Min Max Min Max Min Max
tvek Clock Cycle 8X + 100 600 500 ns
tyckL | Low level clock Pulse width 4X + 40 290 240 ns
tvCkH High level clock Pulse width 4X +40 290 240 ns

4.7 Interrupt Operation
Ve =5V £ 10%, TA= — 40~85C (4~16MHz) TA= - 20~70C (4~20MHz)

Variable 16MHz 20MHz X
[Symbol Parameter Unit
Min Max Min Max Min Max
tintaL | NMI, INTO Low level Pulse width ax 250 200 ns
YNTAH NMI, INTO High level Pulse width 4Xx 250 200 ns
tinteL | INT4~INT7 Low level Pulse width 8X + 100 600 500 ns
tinten | INT4~INT7 High level Pulse width 8X + 100 600 500 ns
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4.8 Timing Chart for I/O Interface Mode
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4.9 Timing Chart for Bus Request (BUSRQ) / Bus Acknowledge (BUSAK)

{Note 1)
CLK R i 1 i
XA X XA X XX
tsrC t
~ tcealL > [—=_BRC
BUSRQ
I < tcBaH <
L) LR
JR——
BUSAK
N ()() /
> e tBaA
X taBa
ADO~AD1T5 = N\ e e e e e o = ————
S TR <
A16~A23 S S—\ (Note 2) .Z/—
______ o 4 EE
RD, WR SS_/ | S Sy 7
(Note 3)
CS0~C52, — m——m———p o A — -S—
RAW, RAS )S_/
CASO~CAS2 N
Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min | Max | Min | Max
tgre | BUSRQ set-up time for CLK 120 120 - 120 ns
tepaL | CLK— BUSAK falling edge 1.5x + 120 245 220 ns
tcgan | CLK— BUSAK rising edge 0.5x + 40 71 65 ns
taga | Output Bufferis off to BUSAK 1 0 80 0 80 0 80 ns
tgan |BUSAK [ to Output Bufferison. 0 80 0 80 0 80 ns
(Note 1): The Bus will be released after the WAIT request is inactive, when the
BUSRQ is set to “0” during “Wait” cycle.
(Note 2): The internal programmable pull-down resistor is added.
(Note 3): The internal programmable pull-up resistor is added.

But the CS2/CAS2 pin does not have the internal programmable pull-up
resistor. And in the condition of bus release, this pin is added the internal

pull-up resistor.
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5.TMP96C141/TMP36C141A/TMP96C041A Different points

TMP96C141/TMP96C141A/TMP96C041A have much the same function but they are
different from following points.

Parameter TMP96C141 TMP96C141A TMP96C041A
Interrnal RAM 1K byte 1K byte not exist
TMP96C141 TMP96C141A TMP96C041A

. . | >
Pin condition at bus release see Figure 3.5 (1) see Figure 3.3 see Figure 3.3

Mapping area of CS1defult ~7FFFH H~7FFFH H~7FFFH
setting (B1C1/0: 00) 480H~7 480 80
TMP36C141 does not TMP96C141A/TMPI96C041A
have the SCLKO have the SCLKO function.
=cn function.
P92, CTS0, SCLKO Serial channel 0 Serial channel 0
does not have the have the /0
1/0 interface mode. interface mode.
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CMOS 16-bit MICROCONTROLLERS
TMP96CM40F

1. OUTLINE AND DEVICE CHARACTERISTICS

TMP96CM40F is high-speed advanced 16-bit microcontrollers developed for
controlling medium to large-scale equipment. The TMP96C141 does not have a ROM,
the TMP96CM40F has a built-in ROM of 32K-byte, and the TMP96PM40 has a built-in
OTP of 32K-byte.

TMP96CM40F is housed in an 80-pin flat package.

Device characteristics are as follows:

(1) Original 16-bit CPU
. TLCS-90 instruction mnemonic upward compatible.
16M-byte linear address space
General-purpose registers and register bank system
16-bit multiplication / division and bit transfer/arithmetic instructions
High-speed micro DMA : 4 channels (1.6 xs/2 bytes @20MHz)
(2) Minimum instruction execution time : 200ns @20MHz
(3) Internal RAM : 1K byte
Internal ROM . 32K byte
(4) External memory expansion
® Can be expanded up to16M bytes (for both programs and data).
® Can mix 8- and 16-bit external data buses.

(5)  8-bit timers : 2 channels
(6) 8-bit PWM timers . 2 channels
(7) 16-bit timers . 2 channels
(8) Pattern generators  : 4 bits, 2 channels
(9) Serial interface : 2 channels

(10) 10-bit A/D converter : 4 channels
(11) Watchdog timer
(12) Chip select/wait controller :3 blocks
(13) Interrupt functions
e 3 CPU interrupts----- SWI instruction, priviledged violation, and Illegal
instruction
® 14 internal interrupts
® 6 external interrupts
(14) T/Oports : 65 pins
(15) Standby function : 3halt modes (RUN, IDLE, STOP)

:] 7-level priority can be set.
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~{— VCC[2]
CPY ~— Vs$[3]
(ANQ) P50 —7>
(AN1) P51 —p>| 10-BIT 4CH XWA WIA <— X1
(AN2) P52 —>| AD XBC Bi{C 0scC —> X2
(AN3) P53 —1>| CONVERTER | | XDE D1E
VREF —>| XHL HIL I
AGND —>| XIX IX b~ CLK
XIY 1Y
Xiz 1z
(TXDO) P90 <1>| SERIAL /O XSP SP ~—A
(RXDO) P91 <T>|  (CH.0) < 32bit — ~|— RESET
|
6/CTS0) P92 srRC_TF] —> ALE
(TXD1) P93 <p>|  SERIAL /O
(RXD1)PI4 <>| "~y
P
(SCLK1) P95 <> INTERRUPT  |l— i
CONTROLLER
(PG oo; P60 <T>| PATTERN
(PG O1) P61 =T>| GENERATOR —
(PG 02) P62 <> (CH.0) WATCH-DOG [ > WDTOUT
(PG 03) P63 <> TIMER
(PG 10) P64 <>| PATTERN
(PG 11) P65 <>| GENERATOR
(PG 12) P66 <>  (CH.1)
PORT(Q |=d>P0O0~PO7
(PG 13) P67 1KB RAM (ADO~AD7)
(TI0) P70<1>{ 8BIT TIMER
(FIMER 0) PORT 1 <> P10~P17
(AD8~AD15/A8~A15)
(TO1) P71<}>| 8BIT TIMER
(TIMER 1) PORT2  |<t>P20~P27
(AO~A7/A16~A23)
(TO2) P72~<>| 8BITPWM .
(TIMER 2) > P30(RD)
> P31(WR)
(TO3) P73=<>| 8BITPWM <1> P32(HWR)
(TIMER 3) PORT3 [<* P33(WAIT)
: <> P34(BUSRQ)
32K8 ROM > P35(BL§AK)
(INT4/T14) P8O <7>| <> P36(R/W)
(INT5/TI5) P81 <> 16BIT TIMER <> P37(RAS)
(TO4) P82 =<1>| (TIMER 4)
(TOS) P83 <>
(INT6/T16) P84 =t>{ 16BIT TIMER
(INT7/TI7) P85 <t>| (TIMERS) CSIWAIT  |<t>P40(CS0/CASD)
(TO6) P86 <> CONTROLLER P41(CST/CAST)
(3-BLOCK) |={>P42(CS2/CAS2)
(INTO) P87 <>

TMP96CMA40 is added to SCLKO function.
(TMP96C141 does not have this function.)

Figurel TMP96CM40 Block Diagram
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2. PIN ASSIGNMENT AND FUNCTIONS

The assignment of input / output pins for TMP96CM40, their name and outline

functions are described below.

2.1 Pin Assignment

Figure 2.1 shows pin assignment of TMP96CM40F.

(ANOQ)P50 73

(AN1)P51 74
(AN2)P52 75
(AN3)P53 76

vce 77

VREF 78
AGND 79
VSS 80————;17

(PGOO)PE0  1—| 64
(PGonpel 2| @ 63
(PGO2)P62  3—[] 62
(PGO3)P63  4—] 61
(PG10)P64  5—] 60
(PG11)P65 6—] 59
(PG12)P66  7—] 58
(PG13)P67 8—| 57
(TIoyp70  9—{| 56
(TonpP71 10—{] 55
(TO2)P72 11— [}-54
(TO3)P73 12— Top View 53
(INT4/TI14)P80 13— QFP80 52
(INT5/TI5)P81 14— 51
(TO4)P82 15—[ ]_50
(TO5)P83 16— 49
(INT6/TI6)P84 17— | 48
(INT7/TI7)P85 18—] 47
(TO6)P86 19— 46
(INTO)P87 20— (45
NMI 21— ] a4
WDTOUT 22— 143
RESET 23— 42

CLK 24—] (a1

VSS 25———IJJ L‘J—ao

X1 26 39

X2 27 38

EA 28 37
(TXDO)P90 29 36
(RXDO)P91 30 35
(SELKD/CTSO)P92 31 34
(TXD1)P93 32 33

P42(CS2/CAS2)

P41(CST/CAST)
PA0(CSO/CASO)
P37(RAS)
P36(R/W)
P35(BUSAK)
P34(BUSRQ)
P33(WAIT)

P32(HWR)
P31(WR)
P30(RD)
P27(A7/A23)
P26(A6/A22)
P25(A5/A21)
P24{A4/A20)
P23(A3/A19)
P22(A2/A18)
P21{A1/A17)
P20(A0/A16)
VsS
P17(AD15/A15)
P16(AD14/A14)
P15(AD13/A13)
P14(AD12/A12)
P13(AD11/A11)
P12(AD10/A10)
P11(AD9/A9)
P10(AD8/A8)
PO7(AD7)
PO6(ADG)
PO5(AD5)
PO4(AD4)

P03(AD3)
P02(AD2)
PO1(AD1)
POO(ADO)
VCC

ALE
P95(SCLK1)
P94(RXD1)

Note: Because the TMP96C141 has an external ROM, P00 to P17 pins are fixed to ADO to AD15; P30 to RD; and P31 to WR.

Figure 2.1 Pin Assignment (80-pin QFP)

TMPY6CM40 is added to SCLKO function. (TMP96C141 does not have this function.)
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2.2 Pin Names and Functions

The names of input/output pins and their functions are described below.
Table 2.2 Pin Names and Functions.

Pin name '\f)‘#r{;%%r /0 Functions

P00~PO7 8 /0 | Port0: I/O portthatallows I/0 to be selected on a bit basis

ADO~AD7 Tri-state | Address/data (lower): 0 -7 for address/data bus

P10~P17 8 I/0 | Port1: I/O portthat allows I/O to be selected on a bit basis

AD8~AD15 Tri-state | Address data (upper): 8- 15 for address/data bus

AB~A15 Output | Address: 8to 15 for address bus

P20~P27 8 /O | Port2: I/O portthat allows selection of /0 on a bit basis
(with pull-down resistor)

AD~A7 Output | Address: 0-7 for address bus

A16~A23 Output | Address: 16 - 23 for address bus

P30 1 Output | Port30: Output port

RD ) Output | Read: Strobesignal for reading external memory

P31 1 Output | Port31: Outputport

WR Qutput | Write: Strobe signal for writing data on pins ADO - 7

P32 1 /0 | Port32: I/O port (with pull-up resistor)

HWR Output | High write: Strobe signal for writing data on pins AD8 - 15

P33 1 /0 | Port33: I/O port (with pull-up resistor)

WAIT Input | Wait: Pin used to request CPU bus wait

P34 1 1/0 | Port34: 1/O port (with pull-up resistor)

BUSRQ Input | Busrequest: Signal used to request high impedance for ADO - 15,
A0 - 23, RD, WR,HWR, RW, RAS, CS0, CS1, and C52 pins.
(For external DMAC)

P35 1 /0 | Port35: I/O port (with pull-up resistor) o

BUSAK Output | Busacknowledge: Signal indicating that ADO-15, A0-23, RD,
WR,HWR, R/W, RAS, CS0, C51, and CS2 pins are at high impedance
after receiving BUSRQ. (For external DMAC)

P36 1 1/0 | Port36: 1/0 port (with pull-up resistor)

RW Output | Read/write: 1represents read or dummy cycle; 0, write cycle.

P37 1 1/0 | Port37: 1/O port (with pull-up resistor)

RAS Output | Row addressstrobe: Outputs RAS strobe for DRAM.

P40 1 1/0 | Port40: 1/O port (with puli-up resistor)

cso Output | Chipselect0: Outputs 0 when address is within specified address
area.

CASO Output | Column address strobe 0: Outputs CAS strobe for DRAM when
address is within specified address area.

Note: With the external DMA controller, this device's built-in memory or built-in I/O cannot be
accessed using the BUSRQ and BUSAK pins.
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Pin name '\c‘,‘#“gﬁ{i’ 1/O Functions
P41 1 /0 | Port41: I/O port (with pull-up resistor)
CS1 Output | Chipselect 1: Outputs 0 if address is within specified address area.
CAS1 Output | Column address strobe 1: Outputs CAS strobe for DRAM if address
is within specified address area.
P42 1 vo | Port 42: 1/0 port (with pull-down resistor) (Note1)
CS2 Output | Chipselect2: Outputs 0 if address is within specified address area.
CAS2 Output | Column address strobe 2: Outputs CAS strobe for DRAM if address
is within specified address area.
P50~P53 4 Input | Port5: Input port
ANO~AN3 Input | Analoginput: Inputto A/D converter
VREF 1 Input | Pin forreference voltage input to A/D converter
AGND 1 Input | Ground pin for A/D converter
P60~P63 4 /0 | Ports60-63: 1/0 ports that allow selection of I/O on a bit basis
(with pull-up resistor)
PG00~PGO3 Output | Pattern generator ports: 00-03
P64~P67 4 /O | Ports 64 -67: 1/0 ports that allow selection of I/0 on a bit basis
(with pull-up resistor)
PG10~PG13 Output | Pattern generator ports: 10-13
P70 1 I/0 | Port70: I/O port (with pull-up resistor)
TIO Input | Timerinput0O: Timer 0 input
P71 1 1/0 | Port71: 1/O port (with pull-up resistor)
TO1 Output | Timeroutput 1: TimerOor 1 output
P72 1 1/0 | Port72: 1/O port (with pull-up resistor)
TO2 Output | PWM output 2: 8-bit PWM timer 2 output
P73 1 I/0 | Port73: 1/0 port (with pull-up resistor)
TO3 Output | PWM output 3: -8-bit PWM timer 3 output
P80 1 1/0 | Port80: 1/0 port (with pull-up resistor)
T4 Input | Timerinput4: Timer 4 count/capture trigger signal input
INT4 Input | Interruptrequest pin 4: Interrupt request pin with programmable
rising/falling edge
P81 1 I/0 | Port81: 1/O port (with pull-up resistor)
TI5 Input | Timerinput5: Timer 4 count/capture trigger signal input
INT5 Input | Interruptrequest pin 5: Interrupt request pin with rising edge
P82 1 /0 | Port 82: 1/0O port (with pull-up resistor)
TO4 Output | Timeroutput4: Timer 4 output pin
P83 1 /O | Port83: I/O port (with pull-up resistor)
TOS5 Output | Timeroutput5: Timer 4 output pin
Note 1 : Case of the settable CS2 or CAS2; when TMP96CMA4OF is bus release, this pin is not added

the internal pull-down resistor but is added the internal pull-up resistor.
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Pin name '}L‘#?Eﬁr 110 Functions

P84 1 /0 | Port84: 1/O port (with pull-up resistor)

Tl Input | Timerinput6: Timer 5 count/capture trigger signal input

INT6 Input | Interruptrequest pin 6: Interrupt request pin with
programmable rising/falling edge

P85 1 /O | Port85: 1/0 port {(with pull-up resistor)

TI7 Input | Timerinput7: Timer 5 count/capture trigger signal input

INT7 Input | Interrupt request pin 7: Interrupt request pin with rising edge

P86 1 /0 | Port86: 1/0 port (with pull-up resistor)

TO6 Output | Timer output 6: Timer 5 output pin

P87 1 /0 | Port87: I/O port (with pull-up resistor)

INTO Input | Interruptrequest pin 0: Interrupt request pin with
programmable level/rising edge

P90 1 1/0 | Port90: I/O port (with pull-up resistor)

TXDO Output | Serial send data 0

P91 1 /O | Port91: 1/O port (with pull-up resistor)

RXDO Input | Serial receive data 0

P92 1 1/0 | Port92: /O port (with pull-up resistor)

TS0 input | Serial datasend enable 0 (Clear to Send)

Port 93: 1/0 port (with pull-up resistor)

P93 1 110

TXD1 Output | Serial send data 1

P94 1 /0 | Port94: 1/O port (with pull-up resistor)

RXD1 Input | Serial receive data 1

P95 1 1/0 | Port95: 1/0 port (with pull-up resistor)

SCLK1 110 | Serial clock I/O 1

WDTOUT 1 Output | Watchdog timer output pin

NMI 1 Input | Non-maskable interrupt request pin: Interrupt request pin with
falling edge. Can also be operated at rising edge by program.

CLK 1 Output | Clock output: Outputs [ X1 +4 ] clock. Pulled-up during reset.

EA 1 Input | External access: 0 should be inputted with TMP96C141.
1, with TMP96CM40 / TMP96PMA40.

ALE 1 Output | Address latch enable

RESET 1 Input | Reset: Initializes LSI. (With pull-up resistor)

X1/X2 2 1/0 | Oscillator connecting pin

vCC 2 Power supply pin (+5V)

VSS 3 GND pin (0V)

Note : Pull-up/pull-down resistor can be released from the pin by software (except the RESET pin).

TMP96CMA40 is added to SCLKO function. (TMP96C141 does not have this function.)
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3.

3.1

3.2

(M

)

3)

OPERATION

This section describes the functions and basic operations of TMP96M40 device. The
function of CPU and internal I/O devices are the same function as TMP96C141.
Check the [7. Care Points and Restriction of TMP96C141 | because of the Care
described. Regarding the function of TMP96CM40 (not described), see the part of
TMP96C141.

CPU

TMP96CM40 device has a built-in high-performance 16-bit CPU (900-CPU). (For
CPU operation, see TLCS-900 CPU in the previous section.)

Memory Map

TMP96CM40 has two register modes. One is a minimum mode; in this mode, the area
of program memory is 64K bytes maximum. The other is a maximum mode; in this
mode, The area of program memory is 16M bytes maximum.

Both minimum and maximum modes are the data memory area of 16M bytes
maximum.

That is, the program memory can locate 0OH~FFFFH in minimum mode and can
locate OH ~ FFFFFFH in maximum mode.

Internal ROM

TMP96CM40 has the ROM of 32K bytes. This ROM is located to 80000H~FFFFH.
After the RESET operation, instruction execution starts from address 8000H.
A part of the internal ROM area (8000H~81FFH) is interrupt entry area.

Internal RAM

TMP96CM40 has the RAM of 1K bytes. This RAM is located to 80H~47FH. The
CPU can access the part of RAM (80H~FFH, 128 bytes) with using the short instruction
code of direct addressing mode.

Internal I/0 devices

TMP96CM40 uses the address space of 128 bytes for the internal I/O devices area.
This area is located to OH~7FH.

The CPU can access the internal I/O devices area with using the short instruction
code of direct addressing mode.

Check the access area of each addressing mode and the memory map in Fig. 3.1.
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Memory Map
Figure 3.1 is a memory map of the TMP96CM40.

000000H | 7
000100H
000480H
64K-byte area
00800CH (nn)
008200H
010000H
161\(1—;9yte area
External memory R
16M-b (=R)
(16M-byte) (R
(R +R8/16)
(R+d8/16)
(nnn)
FFFFFFH

=Internal area)

Note: The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the
system mode side to 100H.

Figure3.1 Memory map
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4. ELECTRICAL CHARACTERISTICS

4.1  Absolute Maximum

Symbol Parameter Rating Unit
Vcc Power Supply Voltage -0.5~6.5
VIN Input Voltage -0.5~Vcc+0.5
> 10L Output Current (total) 100 mA
S 10H Output Current (total) -100 mA
PD Power Dissipation (Ta=85T) 500 mwW
TSOLDER Soldering Temperature (10's) 260 °
TSTG Storage Temperature -65~150
TOPR Operating Temperature - 40~85

4.2 DC Characteristics
Vee=5V +10%, TA= —40~85C (4~16MHz) TA= —20~70C (4~20MHz)
(Typical values are for Ta=25TC and Vcc=5V)

Symbol Parameter Min Max Unit Test Condition
VIL input Low Voltage (AD0O - 15) | —0.3 0.8 \
VIL1 P2, P3,P4,P5, P6, P7, P8, P9 -0.3 0.3Vcc \Y)
ViL2 RESET,NMI,INTO(P87) -0.3 0.25Vce \
VIL3 EA —-0.3 0.3 \
ViL4 X1 -03 0.2Vce \
VIH Input High Voltage (ADO - 15) |2.2 Vee+0.3 Vv
V [H1 P2,P3, P4, P5, P6, P7, P8, P9 0.7Vcc Vee+0.3 \
V IH2 RESET, NMI, INTO (P87) 0.75Vcc Vee+0.3 Vv
VIH3 EA Vec+0.3 Vv
VIH4 X1 Vce+0.3 \Y

| DAR Darlington Drive Current —-1.0 -3.5 mA
(8 Output Pins max.)

[LI Input Leakage Current 0.02 (Typ) |5 uA
ILO Output Leakage Current |0.05(Typ) | £10 A

| cc Operating Current (RUN) 30 (Typ) TBD mA
IDLE 2.0 (Typ) 10 mA
STOP (Ta= —20~707C) 0.2 (Typ) 50 uA

STOP (Ta=0~507C) 10 #A

VSTOP |Power Down Voltage 2.0 6.0 \)
(@STOP RAM Back up)

R K Pull Down/Up Register 50 150 kQ

Note : I-DAR is guaranteed for a total of up to 8 ports.
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4.3 ACElectrical Characteristics
Vce =5V +10%, TA = —40~85C (4~16MHz) TA= -20~70°C (4~20MHz)

No. |Symbol Parameter - Variavle TGMHZ ?OMHZ Unit
Min Max Min | Max | Min | Max

1] tosc [Osc. Period { =x) 50 250 62.5 50 ns

2| tak | CLK width 2x — 40 85 60 ns

3| tak AQ-23 Valid— CLK Hold 0.5x - 20 11 5 ns

4] txa |CLKValid— A0-23 Hold 1.5x =70 { 24 5 ns

5] taL A0-15 Valid— ALE fall 0.5x—-15 16 10 ns

6] tia ALE fall- AD-15 Hold 0.5x - 15 16 10 ns

70t ALE High width x —40 23 10 ns

8| tic | ALE fall-> RDAWR fall 0.5x-30 1 -5 ns

9| tc.  |RD/WR rise— ALE rise 0.5x - 20 11 5 ns
10| tacL |AO0-15 Valid— RD/WR fall x=25 38 25 ns
11] tacy | A0-23 Valid— RD/WR fall 1.5x =50 44 25 ns
12| tca |RDAWR rise— A0-23 Hold 0.5x - 20 11 5 ns
13| tapL |AO0-15 Valid— D0-15 input 3.0x-45 143 105 [ ns
14| tapy | A0-23 Valid— D0-15 input 3.5x-65 154 - 110 | ns
15| trp  |RDfall - D0-15input 2.0x-50 75 50 | ns
16| tRr RD Low width 2.0x - 40 85 60 ns
17| tyur  |RDrise—> D0-15 Hold 0 0 0 ns
18| trae_ | RDrise— AO-150utput x=15 48 35 ns
19] tww |WR Low  width 2.0x - 40 85 60 ns
20| tpw |D0-15 Valid— WR rise 2.0x-50 75 50 ns
21 twp |WRrise =D0-15 Hold 0.5x-10 21 15 ns
22| tagy |A0-23 Valid—  WAIT input (\WAT ) 3.5x-90 129 85 | ns
23| tawL |A0-15 Valid— WAIT input (\WAT - 3.0x - 80 108 70 | ns
24| tcw | RDAWWR fallSWAIT Hold (VAT ) 2.0x +0 125 100 ns
25| tapH [AO0-23 Valid—> PORT input 2.5x - 120 36 5[ ns
26/ tapH2 | AD-23 Valid— PORT Hold 2.5x +50 206 175 ns
27| tcp | WRrise— PORT Valid 200 200 200 | ns
28| tasry | A0-23 Valid—> RAS fall 1.0x - 40 23 10 ns
29| tasrL |A0-15 Valid— RAS fall 0.5x-15 16 10 ns
30| trac | RAS fall-> D0-15 input 2.5x-70 86 55 | ns
31| tran | RAS fall—> A0-15 Hold 0.5x =15 16 10 ns
32| tras |RASLow  width 2.0x-40 85 60 ns
33| trp RAS High  width 2.0x-40 85 60 ns
34| tgsy | CAS fall> RAS rise 1.0x - 35 28 15 ns
35| trsc | RAS rise— CAS rise 0.5x - 25 6 0 ns
36| trcp | RAS fall> CAS fall 1.0x — 40 23 10 ns
37| tcac | CASfall> DO-15input 1.5x =65 29 10 | ns
38| tcas |CASLow  width 1.5x-30 64 40 ns
AC Measuring Conditions

® OQutputlevel : High2.2Vv /Low0.8V ,CL50pF
(However CL = 100pF for ADO~AD15, ADO~AD23, ALE, RD, WR, HWR, RW, CLK, RAS, CASO~CAS2)
® input Level : High2.4v /Low0.45V (ADO~AD15)

High 0.8Vcc /Low 0.2Vcee (Except for ADO~AD15)
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(1) Read Cycle

X1

i teik— e
cak T j‘;&; ;&F
- [<tak— kA

A0~23 :><‘ *§<:
/K : Z : !
N

tow—

Port Input —;—-——-"—-'2' ————— —"<

ADO~15  —ioon T AO~1S  Pmimmomm - < bo~15
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(2) Write Cycle

tww /i
— oW <J‘ALD_,£

ADO~15 —é————-( A%0~15 >< DO~15
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4.4 A/D Conversion Characteristics
Vee=5V+10%, TA= -40~85C (4~16MHz) TA= -20~70C (4~20MHz)

Symbol Parameter Min Typ Max Unit
VReR Analog reference voltage Vee-1.5 Ve
AGND Analog reference voltage Vss Vss \
Vain Analog input voltage range Vss Ve
IReF Anlog current for analog reference voltage 0.5 1.5 mA
) Low change mode +15 +4.0
Total error 4=fc=16MHz - 2 +
(Quantize error High change mode 3.0 +6.0 LSB
of £0.5LSB not Low change mode +1.5 £4.0
included) 16<fc=20MHz -
High change mode +4.0 +80

4.5 Serial Channel Timing - I/O Interface Mode

(@) SCLK Input Mode Vee=5V £ 10%, TA= - 40~85C (4~16MHz) TA= -20~70°C (4~20MHz)
[Symbol Parameter - Variable .1 S\iHz .ZOMHZ Unit
Min Max Min | Max | Min | Max
tsey SCLK cycle 16X 1 0.8 s
toss Output Data — Rising edge of SCLK tscy /2 - 5X - 50 137 100 ns
tons | SCLK rising edge— Output Data hold 5X-100 212 150 ns
tysr | SCLK rising edge— Input Data hold 0 0 0 ns
tsrp | SCLK rising edge— effective data input ltscy — 5X — 100 587 450 ns
(2) SCLK Output Mode Vee=5V £ 10%, TA= ~40~85T (4~16MHz) TA= -20~70C (4~20MHz)
Symbol Parameter - Variable ‘1 SMHz .ZOM He Unit
Min Max Min | Max | Min | Max
tscy SCLK cycle (programmable) 16X 8192X 1 512 | 0.8 |409.6 | us
toss Output Data — SCLK rising edge tscy —2X - 150 725 550 ns
tous | SCLK rising edge— Output Data hold 2X - 80 45 20 ns
tusr | SCLK rising edge—» Input Data hold 0 0 0 ns
tsrp | SCLK rising edge— effective data input ltscy = 2X =150 725 550 ns

4.6 Timer/Counter Input Clock (TIiO, TI4, TI5, TI6, TI7)
Vee =5V +10%, TA= —40~85C (4~16MHz) TA= —20~70C (4~20MHz)

Variable 16MHz 20MHz .
ISymbol Parameter Unit
Min Max Min Max Min Max
tvck Clock Cycle 8X + 100 600 500 ns
tvekL Low !evel clock Pulse width 4X + 40 290 240 ns
tyCKH High level clock Pulse width 4X + 40 290 240 ns

4.7 Interrupt Operation
Vec=5V £ 10%, TA= - 40~85C (4~16MHz) TA= —20~70°C (4~20MHz2)

Variable 16MHz 20MHz .
[Symbol Parameter - Unit
Min Max Min Max Min Max
tintaL | NMI, INTO Low level Pulse width 4X 250 200 ns
tintan | NMI, INTO Highlevel Pulse width 4x 250 200 ns
tintel | INT4~INT7 Low level Pulse width 8X + 100 600 500 ns
tinted | INT4~INT7 High level Pulse width 8X + 100 600 500 ns
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4.8 Timing Chart for I/O Interface Mode
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4.9 Timing Chart for Bus Request (BUSRQ) / Bus Acknowledge (BUSAK)

(Note 1)
~
ac X XA X XA XXX X
7
> < 1BRC > < tBRC
BUSRQ |e——
tceaL $§ tceaH
BUSAK f—
3 /
e tsaa
ADO~AD15, AO~A23, —\ tagA (Note 2) o
€50~CS2, R/W, RAS, L ——————- =
CASO~CAS2 —_— S
— Note 3 —
RD, WR, HWR ; ‘____.__s ___(___.). __________ /|
ALE (¢ / \
R
Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min | Max { Min | Max

tgrc | BUSRQ set-up time for CLK 120 120 120 ns

tegaL | CLK— BUSAK falling edge 1.5x+ 120 214 195 | ns

tcgan | CLK— BUSAK rising edge 0.5x+40 71 65 ns

taga | Output Bufferis off to BUSAK 1 0 80 0 80 0 80 ns

tgan [BUSAK_L  to OutputBufferison. 0 80 0 80 0 80 ns

Notel : The Bus will be released after the WAIT request is inactive, when the
BUSRQ is set to “0” during “Wait” cycle.
Note 2 :  This line only shows the output buffer is off-state.

They don’t indicate the signal level is fixed.

After the bus is released, the signal level is kept dynamically before the bus

is released by the external capacitance.

Therefore, to fix the signal level by an external resistance under the busis

gelleasi(rixg, the design must be carefully because of the level-fix will be
elayed.

The internal programmable pull-up/pull-down resistance is switched

active/non-active by the internal signal.
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4.10 Typical characteristics

Vee=5V, Ta=25°C unless other wise noted.

Vee (V) Icc (mA)
6 30 -
5 /
20

4 . /
B L

3 ,/ //
- . / '.o
2
5 10 15 20 25 5 10 15 20 25
. fosc (MHz) . fosc (MHz)
Figure 5.1 Vcc - fosc TYPICAL CURVE Figure 5.2 fosc - Icc TYPICAL CURVE ©
icc (mA)
40
" /
fosc = 20MHz
20 ]
10 — !
0 |
3 4 5 6
. Vee (V)
Figure 5.3 lcc-Vec TYPICAL CURVE
log (MA) 0 1 2 3 4 5 Vour (V)

40

30 /
20 // -20 / /
/

-30
10
. 40
1 2 3 4 5 Vour (V) lon(mA)
Figure 5.4 Voyrt-loL TYPICAL CURVE Figure 5.5 Vouyt-lon TYPICAL CURVE
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5. TMP36C141/TMP96CM40/TMP96PM40 Different points

TMP96C141/TMP96CM40/TMP96PM40 have much the same function but they are
different from following points.

Parameter TMP36C141 TMP96CMA40 TMP96PM40
Interrnal ROM Not exist Mask ROM32K byte PROM32K byte
POO to PO7
: ~P0Q7
ADO t0 AD7 Only ADO to AD7 After reset POO~POQ
P10 to P17,
AD8 to AD15, Only AD8 to AD15 After reset P10~P17
A81to A15
P30, RD Only RD After reset P30
P31, WR Only WR After reset P31
TMP96C141 does not TMP96CMA40/TMP96PM40
have the SCLKO have the SCLKO function.
function.
P92, TS0, SCLKO Serial channel 0 Serial channel 0
does not have the have the I/O
1/0 interface mode. interface mode.
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CMOS 16-bit MICROCONTROLLERS
TMP96PMA40F

1. OUTLINE AND DEVICE CHARACTERISTICS

TMP96PM40F is high-speed advanced 16-bit microcontrollers developed for
controlling medium to large-scale equipment. The TMP96C141 does not have a ROM,
the TMP96CM40F has a built-in ROM of 32K-byte, and the TMP96PM40 has a built-in
OTP of 32K-byte.

It is possible to do write / verify of program data with using a adapter socket and
general purpose EPROM writer (TC571000 mode).

TMP96PM40 is pin compatible with TMP96CM40 (mask ROM type).

TMP96CMA40F is housed in an 80-pin flat package.

Product name ROM RAM Package Adapter socket
name
OTP type .
- 39A
TMPOEPMAOF | O YRS 1K x 8bit 80-FP BM11
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-— VvCC (2]
CPY ~— Vvss (3]
(ANQ) P50 —|
(AN1) P51 —1>| 10-BIT 4CH XWA WA ~<— X1
(AN2) P52 —> AD XBC B[ C osc 1= x2
(AN3) P53 —>| CONVERTER | | XDE DLE
VREF —~ XHL HL |
AGND —>| XIX 1X b CLK
XIY Y
X1z 1z
(TXDO0) P90 <>| SERIAL /O XSP SP ~—iA
) (RXDO) P91 <T>|  (CH.0) < 32bit —> I~ RESET
g |
[: /CTS0) P92 sR_LF] — ALE
(TXD1) P93 <> SERIAL /O
(RXD1) P94 <=~ (cpy 1)
SCLK1) P95 ’
(SCLKT) P95 <> INTERRUPT || — it
CONTROLLER
gPG 80; P60 :: PATTERN
PG 01) P61
RA .
(PG 02) P62 <> GENERATOR —~ WDTOUT
(CH.0) WATCH-DOG
(PG 03) P63 ~{> TIMER
(PG 10) P64 <>| PATTERN
(PG 11) P65 <t>[ GENERATOR
(PG 12) P66 <>  (CH.1)
PORTO  |<>P00~PO7
(PG 13) P67 1KB RAM T (ADo~AD7)
(TI0) P70<J+ 8BIT TIMER
PORT 1 <> P10~P17
(TIMER 0) (ADB~AD15/A8~AT15)
(TO1) P71-{>| 8BITTIMER
(TIMER 1) PORT2 |«t>P20~P27
_ (AO~AT7/A16~A23)
(TO2) P72=<t>| 8BITPWM J L
(TIMER 2) > P30(RD)
1> P31WR)
(TO3) P73<—)—> 8BIT PWM <> P32(HWR)
(TIMER 3) PORT3 [<[> P33(WAI)
- <> P34(BUSRQ)
32KB PROM <} P35(BLEAK)
(INT4/TI4) P8O <> <> P36(R/W)
(INTS/TI5) P81 ~<f>| 16BIT TIMER <> P37(RAS)
(TO4) P82 <> (TIMER4)
(TO5) P83 <>
(INT6/TI6) P84 ~f>] 16BIT TIMER
(INT7/T17) P85 <t>| (TIMER5) CSWAIT <> P40(CSO/CASO)
(TO6) P86 <> CONTROLLER|<{>p41(CST/CAST)
L. (3-BLOCK) [«>P42(CS52/CAS2)
(INTO) P87

TMP96PMA40 is added to SCLKO function.
(TMP96C141 does not have this function.)

Figure1l TMP96PM40 Block Diagram
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2. PIN ASSIGNMENT AND FUNCTIONS

The assignment of input / output pins for TMP96PM40, their name and outline

functions are described below.

2.1 Pin Assignment

Figure 2.1 shows pin assignment of TMP96PM40F.

(ANO)P50
(AN1)P51
(AN2)P52
(AN3)P53
VCC
VREF
AGND
VSS

(PGO0)PE0
(PGO1)P61
(PGO2)P62
(PGO3)P63
(PG10)P64
(PG11)P65
(PG12)P66
(PG13)P67
(TI0)P70
(TO1)P71
(TO2)P72
(TO3)P73
(INT4/T14)P80
(INT5/TI5)P81
(TO4)P82
(TO5)P83
(INT6/TI6)P84
(INT7/TI7)P85
(TO6)P86
(INTO)P87
NMT
WDTOUT
RESET

CLK

(TXD0)P90
(RXD0)P9I1
D/CTS0)P92
(TXD1)P93

25
26
27
28
29
30
31
32

2Ll L
- -
e -
— -
- 1
- -
— -
T i
5 -
B -
— _ 1
—{ Top View T~
- QFP80 T
— s
- -
- -
- -
— -
R -
— -
] -
] -
— -
__E

=]

Figure 2.1 Pin Assignment (80-pin QFP)

P42(CS2/CAST)
P41(CST/CAST)
P40(CSO/CASO)
P37(RAS)
P36(RAW)

P35(BUSAK)
P34(BUSRQ)
P33(WAIT)

P32(HWR)
P31(WR)
P30(RD)
P27(A7/A23)
P26(A6/A22)
P25(A5/A21)
P24(A4/A20)
P23(A3/A19)
P22(A2/A18)
P21(A1/A17)
P20(A0/A16)
VsS
P17(AD15/A15)
P16(AD14/A14)
P15(AD13/A13)
P14(AD12/A12)
P13(AD11/A11)
P12(AD10/A10)
P11(AD9/A9)
P10(AD8/A8)
PO7(AD7)
PO6(ADG)
PO5(ADS)
PO4(AD4)

PO3(AD3)
P02(AD2)
PO1(AD1)
POO(ADO)
vCC

ALE
P95(SCLK1)
P94(RXD1)

Because the TMP96C141 has an external ROM, P00 to P17 pins are fixed to AD0 to AD15; P30 to RD; and P31 to WR.
TMP96PM40 is added to SCLKO function. (TMP96C141 does not have this function.)
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2.2 Pin Names and Functions

TMP96PM40 has MCU mode and PROM mode.
The names of input/output pins and their functions are described below.

(1) MCU mode
Table 2.2 (1) Pin Names and Functions.

Pin name '\é‘%?ﬁﬁr /0 Functions
PO0~PO7 8 1/0 | Port0: I/0 port that allows I/O to be selected on a bit basis
ADO~AD7 Tri-state | Address/data (lower): 0 -7 for address/data bus
P10~P17 8 /0 | Port1: I/O port that allows 1/0 to be selected on a bit basis
AD8~AD15 Tri-state | Addressdata (upper): 8- 15 for address/data bus
A8~A15 Output | Address: 8to 15 for address bus
P20~P27 8 I/0 | Port2: I/O portthat allows selection of I/0O on a bit basis
(with pull-down resistor)
A0~A7 Output | Address: 0 -7 for address bus
A16~A23 Output | Address: 16 - 23 for address bus
P30 1 Output | Port30: Output port
RD Output | Read: Strobe signal for reading external memory
P31 1 Output | Port31: Output port
WR Output | Write: Strobe signal for writing data on pins ADO -7
P32 1 1/0 | Port32: 1/O port (with pull-up resistor)
HWR Output | High write: Strobe signal for writing data on pins AD8 - 15
P33 1 1/0 | Port33: I/O port (with pull-up resistor)
WAIT Input | Wait: Pin used to request CPU bus wait
P34 1 /0 | Port34: /O port {with puli-up resistor)
BUSRQ Input. | Busrequest: Signal used to request high impedance for ADO - 15,

A0 - 23, RD, WR,HWR, R/W, RAS, €50, C5T, and CS2 pins.
(For external DMAC)

P35 : 1 I/0 | Port35: 1/O port (with pull-up resistor) .
BUSAK Output | Busacknowledge: Signalindicating that AD0-15, A0-23, RD,

WR,HWR, RAW, RAS, CS0, CS7, and CS2 pins are at high impedance
after receiving BUSRQ. (For external DMAC)

P36 1 /0 | Port36: I/O port (with pull-up resistor)

RW Output | Read/write: 1representsread or dummy cycle; 0, write cycle.

P37 1 110 { Port37: 1/O port (with pull-up resistor)

RAS Output | Row addressstrobe: Outputs RAS strobe for DRAM.

P40 1 /0 | Port40: I/O port (with pull-up resistor)

() Output | Chip select 0: Outputs 0 when address is within specified address
area.

CASO Output | Column address strobe 0: Outputs CAS strobe for DRAM when

address is within specified address area.

Note: With the external DMA controller, this device's built-in memory or built-in I/O cannot be
accessed using the BUSRQ and BUSAK pins.
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Pin name '\él#'gﬁ,‘ir 110 Functions
Pa1 1 1/0 | Port41: I/0 port (with pull-up resistor)
[&] Output | Chipselect 1: Outputs 0 if address is within specified address area.
CAS1 Output | Column addressstrobe 1: Outputs CAS strobe for DRAM if address
is within specified address area.
P42 1 /0 | Port42: 1/O port (with pull-down resistor) (Note1)
Cs2 Output | Chipselect2: Outputs 0 if address is within specified address area.
CAS2 Output | Column address strobe 2: Outputs CAS strobe for DRAM if address
is within specified address area.
P50~P53 4 Input | Port5: Inputport
ANO~AN3 Input | Analoginput: Inputto A/D converter
VREF 1 Input | Pin forreference voltage inputto A/D converter
AGND 1 Input | Ground pin for A/D converter
P60~P63 4 /0 | Ports 60 -63: I/0O ports that allow selection of I/0 on a bit basis
(with pull-up resistor)
PGO0~PGO3 Output | Pattern generator ports: 00-03
P64~P67 4 I/0 | Ports64-67: 1/O ports that allow selection of I/0 on a bit basis
{with pull-up resistor)
PG10~PG13 Output | Pattern generator ports: 10-13
P70 1 1/0 | Port70: 1/O port (with pull-up resistor)
TIO Input | Timerinput0: Timer 0 input
P71 1 /0 | Port71: 1/O port (with pull-up resistor)
TO1 Output | Timeroutput 1: Timer0or 1 output
P72 1 /0 | Port72: I/O port (with pull-up resistor)
TO2 Output | PWM output 2: 8-bit PWM timer 2 output
P73 1 1/0 | Port73: 1/O port (with pull-up resistor)
TO3 Output | PWM output 3: 8-bit PWM timer 3 output
P80 1 1/0 | Port80: 1/O port (with pull-up resistor)
T4 Input | Timerinput4: Timer 4 count/capture trigger signal input
INT4 Input | Interrupt request pin 4: Interrupt request pin with programmable
- rising/falling edge
P81 1 /0 | Port81: 1/0 port (with pull-up resistor)
TI5 Input | Timerinput5: Timer 4 count/capture trigger signal input
INT5 Input | Interruptrequest pin 5: Interrupt request pin with rising edge
P82 1 1/0 | Port82: I/O port (with pull-up resistor)
TO4 Qutput | Timeroutput4: Timer 4 output pin
P83 1 1/0 | Port83: I/O port (with pull-up resistor)
TOS5 Output | Timeroutput5: Timer 4 output pin
Note1 : Case of the settable CS2 or CAS2; when TMP96PMA4O0F is bus release, this pin is not added

the internal pull-down resistor but is added the internal pull-up resistor.
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Pin name l\g#r’r)\il%esr I/10 Functions

P84 1 /0 | Port84: 1/O port (with pull-up resistor)

Tl6 Input | Timerinput 6: Timer 5 count/capture trigger signal input

INT6 input | Interrupt request pin 6: Interrupt request pin with
programmabie rising/falling edge

P85 1 1/0 | Port85: I/O port (with pull-up resistor)

TI7 Input | Timerinput7: Timer 5 count/capture trigger signal input

INT7 Input | Interrupt request pin 7: Interrupt request pin with rising edge

P86 1 I/0 | Port86: I/0 port (with pull-up resistor)

TO6 Output | Timer output 6: Timer 5 output pin

P87 1 /0 | Port87: 1/O port (with pull-up resistor)

INTO Input | Interruptrequest pin 0: Interrupt request pin with
programmable level/rising edge

P90 1 /0 | Port90: I/O port (with pull-up resistor)

TXDO Output | Serial send data 0

P91 1 /0 | Port91: /O port (with pull-up resistor)

RXDO Input | Serial receive data0

P92 1 I/0 | Port92: I/O port (with pull-up resistor)

CTSO Input | Serial data send enable 0 (Clear to Send)

P93 1 I/0 | Port93: I/O port (with puli-up resistor)

TXD1 Output | Serialsend data 1

P94 1 1/0 | Port94: I/0 port (with pull-up resistor)

RXD1 Input | Serial receive data 1

P95 1 /0 | Port95: I/O port (with pull-up resistor)

SCLK1 /0 | Serial clock 1/0 1 :

WDTOUT 1 Output | Watchdog timer output pin

NMI 1 Input | Non-maskable interrupt request pin: Interrupt request pin with
falling edge. Can also be operated at rising edge by program.

CLK 1 Output | Clock output: Outputs [ X1 +4 ] clock. Pulled-up during reset.

EA 1 Input | External access: 0should be inputted with TMP96C141.
1, with TMP96CM40 / TMP96PMA40.

ALE 1 Output | Address latch enable

RESET 1 Input | Reset: Initializes LSI. (With pull-up resistor)

X1/X2 2 /O | Oscillator connecting pin

VCC 2 Power supply pin ( +5V)

VSS 3 GND pin (0V)

Note : Pull-up/pull-down resistor can be released from the pin by software (except the RESET pin).

: TMP96PMA40 is added to SCLKO function. (TMP96C141 does not have this function.)
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(2) PROMmode
Table 2.2 (2) Name and function of PROM mode

. . . Input/ .
Pin function |Pin number OuF:tput Function Pin name (MCU mode)
A7~A0 8 Input P27~P20
A15~A8 8 Input Memory address of program P17~P10
A16 1 Input P33
D7~D0 8 le} Memory data of pfogram P07~P00
CE 1 Input | Chip enable P32
OE 1 Input | Output control P30
PGM 1 Input Program control P31
Power —
VPP 1 supply 12.75V/5V (Power supply of program) EA
Power
vee 2 supply |6.25V/5V vee
Power
VSS 3 supply |0V VSS
. . . Input/ . .
Pin function |Pin number Output Disposal of pin
P34 1 Input Fix to low level (security pin)
RESET 1 Input _
Fix to low level (PROM mode)
CLK 1 Input
ALE 1 Output |Open
X1 1 Input
Crystal
X2 1 Output
P95~P94,
3 Input Fix to high level
VREF
AGND 1 Input ov
P37~P35
P42~P40
P53~P50
P67~P60
P73~P70 36 110 open
P87~P80
NMI,
WDTOUT
P93~P90
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3.

3.1
m

@

OPERATION

This section describes the hardware and basic operation of TMP96PM40 device.
TMP96PM40 is exchanged mask ROM of TMP96CM40 for PROM. The other
specifications and functions are the same as TMP96CM40.

Check the [7. Care Points and Restriction of TMP96C141 | because of the Care
described. Regarding the function of TMP96PM40 (not described), see the part of
TMP96C141.

MCU mode
Mode-setting and function

The MCU mode is set by opening the CLK pin (Output status).
In the MCU mode, the operation is same as that of TMP96CM40.

Memory Map

The memory map of TMP96PM40 is same as that of TMP96CM40.
Figure 3.1 shows the memory map of TMP96PM40, and the accessing area by the
respective addressing mode.
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Memory Map
Figure 3.1 is a memory map of the TMP96CM40.

00000CH | f
000080H Direct.area (n)
000100H | |
000480H
64K-byte area
008000H (nn)
008200H
010000H |
16M-byte area
External memory (R)
(16M-byte) (-R)
(R+)
(R +R8/16)
(R +d8/16)
(nnn)
FFFFFFH

=Internal area)

Note: The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the
system mode side to 100H.

Figure3.1 Memory map
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3.2 PROM Mode
(1) Mode setting and Function

PROM mode is set by setting the RESET and CLK pins to the “L” level. The
programming and verification for the internal PROM is achieved by using a general
EPROM programmer with the adaptor socket. The device selection (ROM Type) use
following conditions. (Set ROM type to TC571000D)

Size : 1Mbit (128K X 8bit) VPP : 1275V TPW: 0.lms

Figure 3.2 shows the setting of pins PROM mode.

VPP (12.75V/5V)

\_/ vee
T—» EA VCC 4————T
P30 |«——— OF
P32 j«——CE
P31 [<—— PGM
P33
P17 P07 D7
§ g <:> g
AJG E> P10 POO DO
AO P2$7
P20 RESET
CLK
__|l X1 % Use the 10MHz
! é oVeC resonator in case of
I T P95 programming and
'—_I X2 Po4 verification by a general
AN EPROM programmer.
AGND P34 |<— SECURITY

Figure 3.2 PROM Mode Pin Setting
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(2

Programming Flow Chart

The programming mode is set by applying 12.5V (programming voltage) to the VPP
pin when the following pins are set as follows,
(VCC:6.25V, RESET:“L”level, CLK:“L”level).
After the address and data have been fixed, the-data on the Data Bus is programmed
when the CE pin is set to “L.” level (0.1ms pulse is required).
General programming procedure of an EPROM programmer is as follows,

® Write a data to a specified address for 0.1ms.
® Verify the data. If the readout data does not match the expected data, another
writing is performed until the correct data is written (Max. 25 times).

Then, verify the data and increment the address.

The verification for all data is done under the condition of Vpp=Vcc=5 after all data
were written.

Figure 3.3 shows the programming flow chart.
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High Speed Program Writing.

Flow chart

START

Vee=6.25V £0.25V
Vpp=12.75V £ 0.25V

!

ADDRESS = START ADDRESS |

PROGRAM 0.1ms PULSE I

ADDRESS = ADDRESS + 1 I
[ NO

LAST ADDRESS?

Vee=5V
Vpp =5V

READ ALLBYTE
OK

FAIL

:

Figure 3.3 Flow chart
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(3) Security Bit
The TMP96PMA40 has a Security Bitin PROM cell.
If The Security Bit is programmed to “0”, the content of the PROM is disable to be read
in PROM mode.

How to program the Security Bit.

1) Set the PROM mode.

2) Set the security pin (Port34) to “1”.

3) Set programming address to “000000H”.
4) Set programming data to “FEH”.
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4, ELECTRICAL CHARACTERISTICS
4.1  Absolute Maximum
Symbol Parameter Rating Unit
Vcc Power Supply voltage -0.5~6.5 Y
VIN Input voltage -0.5~Vcc+0.5 \
>10L Output Current (total) 100 mA
SI10H Output Current (total) -100 mA
PD Power Dissipation (Ta=70C) 500 mw
T SOLDER Soldering Temperature (10's) 260 T
TSTG Storage temperature -65~150
TOPR Operating temperature -40~85 c
4.2 DC Characteristics

Vee=5V110%, TA= —20~70C (4~20MHz) TA= -40~85C (4~16MHz)
(Typical values are for Ta=25C and Vcc=5V.)

Symbol Parameter Min Max Unit Test Condition
VIL Input Low Voltage (AD0O - 15) | —0.3 0.8 )
ViLY P2,P3, P4, P5,P6, P7, P8, P9 -0.3 0.3Vcc vV
VIL2 RESET,NMI,INTO(P87) -0.3 0.25Vcc vV
VIL3 EA -0.3 0.3 \
VIL4 X1 -0.3 0.2Vcc \Y%
VIH Input High Voltage (ADO - 15) 2.2 Vee+0.3 v
VIH1 P2,P3, P4, P5,P6, P7, P8, P9 0.7Vcc Vec+0.3 \Y
VIH2 RESET, NMI, INTO (P87) 0.75Vcc Vee+0.3 \Y%
VIH3 EA Vee-0.3 Vec+0.3 i
ViH4 X1 0.8Vce Vee+0.3 \Y)
VOL Output Low Voltage 10OL=1.6mA
VOH Output High Voltage 2.4
V OH1 0.75Vcc
V OH2 0.9Vcc
I DAR Darlington Drive Current -1.0
(8 Output Pins max.)
Ll Input Leakage Current 0.02 (Typ)
1LO Output Leakage Current 0.05 (Typ)
lcc Operating Current (RUN) 30 (Typ) |60 mA | fc=20MHz
IDLE 2.0 (Typ) |10 mA
STOP (Ta= -20~707C) 0.2 (Typ) |50 #A 10.2=Vin=Vec-0.2
STOP (Ta=0~507C) 10 #A [0.2=Vin=Vcc-0.2
VSTOP |Power Down Voltage 2.0 6.0 V |VIiL2=0.2Vcc,
(@STOP, RAM Back up) VIH2 =0.8Vcc
RRST RESET Pull Up Registor 50 150 ke
clio Pin Capacitance 10 pF |fc=1MHz
VTH schmitt Width 0.4 1.0 (Typ) vV
RESET, NMI, INTO (P87) )
R K Pull Down/Up Registor 50 150 13

Note: I-DARis guaranteed for a total of up to 8 ports.
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4.3 AC Electrical Characteristics

Vee=5V £10% TA = -40~85T (4~16MHz), TA = - 20~70°C (4~20MHz)

No. |Symbol Paramerer - Variable ?GMHZ ,ZOMHZ Unit
Min Max Min | Max | Min | Max

1| tosc | Osc. Period (=x) 50 250 62.5 50 ns

2| tak | CLK width 2x - 40 85 60 ns

3| tak AQ-23 Valid— CLK Hold 0.5x =20 11 5 ns

4| tka | CLK Valid— A0-23 Hold 1.5x =70 24 5 ns

5] taL A0-15 Valid— ALE fall 0.5x - 15 16 10 ns

6| tia ALE fall—> A0-15 Hold 0.5x - 15 16 10 ns

71t ALE High width x -40 23 10 ns

8| tiLc ALE fall-> RD/WR fall 0.5x-30 "1 -5 ns

9|ty |RDAWR rise— ALE rise 0.5x - 20 11 5 ns
10| tacL | A0-15 Valid— RDAWR fall x—25 38 25 ns
11| tacH |A0-23 Valid— RD/WR fall 1.5x =50 44 25 ns
12| tca | RD/WR rise— A0-23 Hold 0.5x - 20 11 5 ns
13| tapL* [A0-15 Valid— D0-15 input 3.0x-55 133 95! ns
14| tapH |A0-23 Valid— D0-15 input 3.5x-65 154 110 | ns
15| tap__ |RDfall = DO0-15 input 2.0x-50 75 50 | ns
16| tRg |RD Low width 2.0x -40 85 60 ns
17| tur | RDrise— D0-15 Hold 0 0 0 ns
18| trae_ | RDrise— A0-150utput x—15 43 35 ns
19 tww |WRLlow width 2.0x-40 85 60 ns
20| tpw |DO-15 Valid— WRrise 2.0x - 50 75 50 ns
21| twp  |WRrise -D0-15 Hold 0.5x-10 21 15 ns
22| tagn |AD0-23 Valid—> WAIT input (WAT ) 3.5x - 90 129 85 | ns
23| tawi |A0-15Valid— WAIT input (\WAT ) 3.0x - 80 108 70 | ns
24| tcw | RDAWR fall->WAIT Hold WAl s )| 2.0x+0 125 100 ns
25| tapH_|A0-23 Valid— PORT input 2.5x-120 36 51| ns
26| tapH2 |A0-23 Valid— PORT Hold 2.5x + 50 206 175 ns
27| tcp WR rise— PORT Valid 200 200 200 | ns
28| tasrH | A0-23 Valid— RAS fall 1.0x - 40 23 10 ns
29| tasre |A0-15 Valid— RAS fall 0.5x-15 16 10 ns
30/ trac_|RASfall—>DO0-15 input 2.5x-70 86 55 | ns
31| tran | RAS fall- A0-15 Hold 0.5x-15 16 10 ns
32| tras |RAS Low width 2.0x - 40 85 60 ns
33| trp RAS High  width 2.0x-40 85 60 1 ns
34| trsy | CAS fall-> RAS rise 1.0x - 35 28 15 ns
35| trsc | RAS rise— CAS rise 0.5x - 25 6 0 ns
36| trep | RAS fall—> CAS fall 1.0x - 40 23 10 ns
37| tcac | CAS fall> DO0-15 input 1.5x = 65 29 10 | ns
38| tcas |CASLow  width 1.5x - 30 64 40 ns

*  tapLvalueisdifferent from TMP96C141/TMPI6CM40.
AC Measuring Conditions
® OQutputlevel : High2.2V /Low0.8V ,CL50pF
(However CL = 100pF for ADO~AD15, ADO~AD23, ALE, RD, WR, HWR, R/W, CLK, RAS, CASO~CAS2)
e Input Level : High2.4V /Low0.45V (ADO~AD15)

High 0.8Vcc /Low 0.2Vcee (Except for ADO~AD15)
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(1) Read Cycle

i teLk ? '
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RAW i By
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: tcw—
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Port Input —— ==

~—tasRH—|
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(2) Write Cycle

WR,FWR \L tWww— /
? : : ; twp

tDW

ADO~15 'é‘""< A§O~15 >< D0~15§ DS

ALE
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4.4 A/D Conversion Characteristics

Vee=5V+10%

TA = -40~85°C (4~16MHz) TA = -20~70°C (4~20MHz)

Symbol Parameter Min Typ Max Unit
VRer Analog reference voltage Vee-1.5 Vee
Aanp Analog reference voltage Vss Vss \Y
Vain Analog input voltage range Vss Vee
Irer Anlog current for analog reference voltage 0.5 1.5 mA
Total Low change mode +15 +4.0
error(Quantize | 4=fc=16MHz —
errorof * 0.5 High change mode +3.0 +6.0 s
LSB not Low change mode +1.5 +4.0
included) 16< fc= 20MHz

High change mode +4.0 +8.0

4.5 Serial Channel Timing - /O Interface Mode

(@)] SCLK Input Mode Vec =5V + 10% TA = -40~85°C(4~16MHz) TA= -20~70°C (4~20MHz)
Symbol Parameter - Variable ,16MHZ ?OMHZ Unit
Min Max Min | Max | Min | Max
tscy SCLK cycle 16X 1 0.8 ©s
toss Output Data —> Rising edge of SCLK tscy/2—5X-50 137 100 ns
tons | SCLK rising edge— Output Data hold 5X-100 212 150 ns
tusr | SCLK rising edge— Input Data hold 0 0 0 ns
tsrp | SCLK rising edge— effective data input scy —5X - 100 587 450 ns
(2) SCLK Output Mode Vce =5V +10% TA= -40~85°C (4~16MHz) TA = -20~70°C (4~20MHz)
Symbol Parameter - Variable ‘16MHZ ?OMHZ Unit
Min Max Min | Max | Min | Max
tscy SCLK cycle (programmable) 16X 8192X 1 512 0.8 |409.6 us
toss Output Data = SCLK rising edge tscy —2X-150 725 550 ns
tons | SCLK rising edge— Output Data hold 2X - 80 45 20 ns
tysr | SCLK rising edge— Input Data hold Q 0 0 ns
tspp | SCLK rising edge— effective data input tscy —2X - 150 725 550 ns

4.6 Timer/Counter Input Clock (TI0, Ti4, TIS, Ti6, TI7)

Vee=5V:10% TA= -40~85°C (4~16MHz) TA = —20~70°C (4~20MH2z)
Variable 16MHz 20MHz X
Symbol Parameter - Unit
Min Max Min | Max | Min | Max
tyek | Clock Cycle 8X + 100 600 500 ns
tvckL | Low level clock Pulse width 4X + 40 290 240 ns
tyCKH High level clock Pulse width 4X + 40 290 240 ns
4.7 Interrupt Operation
Vee=5VE10% TA = - 40~85°C (4~16MHz) TA = -20~70°C (4~20MHz)
Variable 16MHz 20MHz R
Symbol Parameter - - - Unit
Min Max Min | Max | Min | Max
tntaL [ NMI, INTO Low level Pulse width 4x 250 200 ns
tintaH | NMI, INTO High level Pulse width 4x 250 200 ns
tintL | INT4~INT7 Low level Pulse width 8X + 100 600 500 ns
tinteH | . INT4~INT7 High level Pulse width 8X + 100 600 500 ns
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4.8 Timing Chart for I/O Interface Mode

682081

HVAQ_R\OA X anva X
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49 Timing Chart for Bus Request (BUSRQ)/BUS Acknowledge (BUSAK)

(note 1)

XSS

X

X

ac X X X

< tBRC

- BRC

X

—|
BUSRQ |e——
tcaL —_— tcBAH
BUSAK -
{5 /
> tBAA
ADO~AD15, AO~A23, ——\ taBA (Note 2) —
CS0~CTS2, RAW, RAS, el a it ittt ~
CASO~CAS2 —d] e
—_— Note 2 e
RD, WR, AWR 7 R WNoted _._____ﬂ
ALE < C L \
1R
Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min | Max [ Min | Max

tgre | BUSRQ set-up time for CLK 120 120 120 ns

tepar | CLK—BUSAK falling edge 1.5x + 120 214 195 ns

tcean | CLK— BUSAK rising edge 0.5x + 40 71 65 ns

tasa | Output Bufferis off to BUSAK ¥ 0 80 0 80 0 80 ns

tsaa |BUSAK_§  to OutputBufferison. 0 80 0 80 0 80 ns

(Note 1): The Bus will be released after the WAIT request is inactive, when the
BUSRQ is set to “0” during “Wait” cycle.
(Note 2): This line only shows the output buffer is off-state.

They don’t indicate the signal level is fixed.

After the bus is released, the signal level is kept dynamically before the bus

is released by the external capacitance.

Therefore, to fix the signal level by an external resistance under the busis

releasing, the design must be carefully because of the level-fix will be

delayed.

The internal programmable pull-up/pull-down resistance is switched

active/non-active by the internal signal.
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4.10 Read Operation (PROM Mode)

DC Characteristic, AC Characteristic
TA = -40~85°C Vcc=5V+10%

Symbol Parameter Condition Min Max Unit
Vpp Vpp Read Voltage - 4.5 5.5 \Y
ViH1 Input High Voltage (A0~A16, CE, OE, - 0.7xVee| Vec+0.3 \Y
PGM)

Vi1 Input Low Voltage (A0O~A16, CE, OE, - -0.3 0.3x Vce Y,
PGM)

tacc Address to Output Delay CL =50pF - 2.25TCYC-+a| ns

TCYC=400ns (10MHz Clock)
«=200ns

4.11 Programming Operation (PROM Mode)

DC Characteristic, AC Characteristic
TA=25#%5°C Vcc=6.25V +£0.25V

Symbol Parameter Condition Min Typ Max Unit
Vpp Programing Supply Voltage - 12.50 12.75| 13.00 \"
VK Input High Voltage (D0~D7) - 0.2Vcc+ 1.1 Vec+0.3] VvV
ViL Input Low Voltage (D0~D7) - -03 0.2Vcc-0.1 V
VM1 Input High Voltage (A0~A16, CE, OE, PGM) - 0.7Vcce Vec+0.3 Vv
Vi1 Input Low Voltage (A0~A16, CE, OE, PGM) - -0.3 0.3Vce Vv
Icc Vce Supply Current fc=10MHz - 50 | mA
lpp Vpp Supply Current Vpp =13.00V - 50 mA
tpw PGM Program Pulse Width CL=50pF 0.095 0.1 0.105 ms
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4.12 Read Operation Timing Chart (PROM Mode)

AD-A16 X v X
SN LI
NN LT

’////////I///////// LM

tacc

D0~D7 (//m DATA OUTPUT )@————
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4.13 Programming Operation Timing Chart (PROM Mode)
High Speed Program Writing.

AQ-A16 X X

mj

EERNNNNNNNN I,

“___/ NI o

o007 mwown S omamstaai

G ")/

\

4

S
o

NOTE

1. The power supply of Vpp (12.75V) must be set power-on at the same time or the later time for a
power supply of Voc and must be clear power-on at the same time or early time for a power
supply of V.

2. The pulling up/down device on condition of Vpp=12.75V suffer a damage for the device.

3. The maximum spec of Vpp pin is 14.0V. Be carefull a overshoot at the program writing.
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4.14 Typical Characteristics
Vee=5V, Ta=25°C, Unless otherwise noted.

Vee (V) lec (mA)
6 30 -
5
20 pd

11

3 pd
2
5 10 15 20 25 5 10 15 20 25
) fosc (MHz) fosc (MHz)
Figure 5.1  Vcc~-Tfosc TYPICAL CURVE Figure 5.2 fosc-Ilcc TYPICAL CURVE S
Icc (mA)
40
fosc = 20MHz
20 ]
L fosc = 10MHz
0 - |
0 !
3 4 5 6
Figure 5.3  Icc—Vcc TYPICAL CURVE Vee (V)
lot (MA) 0 1 2 3 4 5 Vour (V)
40

30 /
e -20 //

20 / /
-30
10
o -40 :
1 2 3 4 5 Vour (V) lon(mA)
Figure 5.4 Voyt-loL TYPICAL CURVE Figure 5.5 Vouyt~Ilon TYPICAL CURVE
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5. TMP96C141/TMP96CM40/TMP96PMA40 Different Points

TMP96C141/TMP96CM40/TMP96PM40 have much the same function but they are
different from following points.

Parameter TMP96C141 TMP96CM40 TMI596PM40
Internal ROM not exist Mask ROM32K-byte PROM32K-byte
P00 to PO7
‘ After reset POQ to PO7
ADO 1o ADY Only ADO to AD7
P10to P17,
AD8to AD15, Only AD8 to AD15 After reset P10 to P17
A8to A15
P30,RD OnlyRD After reset P30
P31, WR Only WR After reset P31
TMP96C141 does not | TMP96CM40/TMP36PM40 have the SCLKO
have the SCLKO function.
P92, CTS0, SCLKO funlctlon. Serial chanel 0 have the I/O interface mode.
Serial chanel 0 does
not have the I/0
interface mode.
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TOSHIBA

TLCS-900 APPLICATION CIRCUIT

APPLICATION CIRCUIT

(1) Resonator

The TLCS-900 incorporates the oscillation circuit, so that it can easily obtain the
required clock by connecting the resonator to pins (X1 and X2).

Table 1 Ceramic Resonator (Murata Manufacturing Co., Ltd)

Frequency Product No. C1=Cy Rd
4MHz CSA4.00MG 30pF 0 ko
4MHz CST 4.00MGW (Built-in 30pF) 0 ko
8MHz CSA8.0MT 30pF 0 kQ
8MHz CST 8.0MT (Built-in 30pF) 0 kO

12MHz CSA12.0MT 30pF 0 kO
12MHz CST 12.0MT (Built-in 30pF) 0 ko
16MHz CSA 16.00MX040 5pF 0 ko

220192

Table 2 Ceramic Resonator (KYOCERA CORPOLATION)

Figure1l. Resonator Connection

Frequency Product No. Cq C2 Rd
4MHz KBR-4.0MSA 33pF 82pF 0 ko
10MHz KBR-10.0M 33pF 33pF 0 ko
12MHz KBR-12.0M 33pF 33pF 0 ko
220192
X1 - X2
il Rd
al el
777 777 030289
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TOSHIBA TLCS-900 APPLICATION CIRCUIT

(3) Recommended Circuit for External Clock Input

A ®
1 X1 '
TC74HCUO4P N N L,
- - < : sTOP
1 1
! N-ch P-ch!
| A |
| Feedback Resistance
B
X2
(The internal circuit of TLCS-900)

Condition : Duty of point A 5015%(@ Vcc/2)

CL =50pF (max) of pointA, B
The single drive from X1 is recommended for application using STOP mode, because
X2 is fixed to “H" level (X1:high-impedance) during stop.

(4) POWER ON RESET Circuit

The internal circuit of TLCS-900
180890
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TAGSHIBA PACKAGE

100 pin MFP (Mini Flat Package)
PACKAGE NAME : QFP100-P-1414 Unit: mm

16.040.2
14.010.2

75 51
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